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Studies on Congestive Circulatory Failure 


Ill. The Relation of Edema to Urinary Chlorides 


By Henry A. Scuoroeper, M.D. 


Balance studies in chronic congestive circulatory failure showed marked depression of renal excre- 
tion of chloride and further depression when the intake of salt was elevated or when fluids were 
restricted. This defect may not be accompanied by diminished ability to excrete nitrogen. Although 
cardiac compensation was usually accompanied by chloride diuresis of proportionate degree, in over 
one-third of the cases there was evidence of excessive hydration without proportionate retention 
of salt. Although initiated by a cardiac disorder, congestive failure is mediated by disturbances in 
renal regulatory mechanisms of both salt and water balances suggesting that hormonal effects play 


a role. 


N CONGESTIVE circulatory failure* there 
is close relationship between the appearance 
and disappearance of edema and_ the 
amount of sodium chloride ingested.* Adequate 
restriction of saltt in the diet seldom fails to 
prevent ‘the retention of water; on the other 
hand, edema accumulates when the intake of 


From the Hospital of the Rockefeller Institute, 
New York, New York, and the Department of In- 
ternal Medicine, Washington University School of 
Medicine, Saint Louis, Mo. 

Most of these studies were made at the Hospital 
of the Rockefeller Institute. Analysis and compila- 
tion of the data and studies on 4 patients were done 
at Barnes Hospital, Saint Louis, Mo. 

*“Congestive heart failure’’ is not the best de- 
scription of the syndrome here discussed. The same 
sequence of events can occur as a result of mechanical 
obstruction to the inflow of blood into the heart as 
When the ventricular myocardium has dilated and 
failed. Starr! and Dock? have questioned the term, 
and the author agrees that it is misleading. A some- 
what more accurate phrase is ‘‘congestive circulatory 
failure.’ which ean be of cardiac or noncardiac origin. 
The s\udrome is not strictly a cardiac one, being 
maintained by organs remote from the heart, al- 
thoug!: caused by inadequate flow of blood through 
the hesrt. An understanding of the mechanism of this 
condit'on involves considerable attention being di- 
rected away from the heart toward other organs which 
how a)pear intimately involved. 


+ “Salt”? as used in this report denotes sodium 
chlorije. 


salt is not restricted. In most cases restriction 
must be severe (1.0-0.5 Gm. per day) to 
produce the desired result. Furthermore, the 
kidneys of patients suffering from this condition 
are unable to excrete sodium and chloride 
efficiently even when they are given an ade- 
quate stimulus (artificial elevation of plasma 
levels of chloride and sodium).! 

In order further to examine this relation, 
chronic congestive circulatory failure is viewed 
not as a disturbance in the function of the heart 
(although that is usually the primary factor) 
but as a disturbance in fluid balance, initiated 
in the heart, but maintained by other less well 
understood mechanisms. According to this 
idea, a deficient heart calls into action a 
secondary mechanism involving the kidneys 
which produces congestion by retention of 
water and sodium chloride. The purpose of this 
report is to call attention to that mechanism in 
the light of prevailing concepts of pathogenesis, 
and to attempt an explanation of certain find- 
ings inconsistent with these concepts. 

Renal blood flow is reduced in congestive 
failure to values which have been believed 
sufficient to cause retention of salt, and there- 
fore water.® This finding has been advanced as 
an explanation for the inability of these kidneys 
to excrete salt efficiently. Decreased filtration 
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of salt by the kidneys, however, does not ex- 
plain all of the data. Increased tubular re- 
absorption of salt may also be present. Further- 
more, disturbances of the excretion of water 
are theoretically possible. This report will 
present data which suggest (a) that the ex- 
cretion of salt by the kidneys is specifically 
depressed; (b) that the ability of the kidneys 
to concentrate salt in the urine is impaired; (c) 
that the excretion of salt is not always a func- 
tion of the volume of urine; (d) that many 
-ardiae patients not only retain excess salt (and 
therefore water), but also appear to retain 
water specifically more than salt. Extrarenal 
hormonal influences on the kidneys are believed 
to account for these electrolyte disturbances. 


While exact studies on balances of water and 
sodium chloride in the body are difficult to 
perform for long periods, changes can be 
followed by (a) controlling the intake of fluids 
and of sodium chloride carefully at constant 


levels, (b) measuring the urinary excretion of 
water and sodium chloride, (¢) controlling the 
caloric intake at constant levels in order to 
maintain body weight, and (d) weighing the 
subject accurately day by day. Extra water 
contained in food and produced from its 
metabolism is relatively constant; variable 
factors under these circumstances depend upon 
the water in expired air, and losses of water 
and sodium chloride through skin and feces. 
Attempts were therefore made to correlate 
gains or losses in weight* with the urinary ex- 
cretion of chlorides and water in cardiac 
patients undergoing changes in the degree of 
decompensation and subjected to variations in 
the intake of sodium chloride or water. The 
effects of diuretic agents will be reported in a 
subsequent communication.® 


* Body weight was considered a much more exact 
method for measuring changes in fluid content of the 
body than was the volume of the urine. Fluid is ex- 
creted in the urine, in expired air, in perspiration, and 
in stools. The weight therefore indicates exactly the 
difference between the intake of water as fluids or 
food, and the excretion of water in air, perspiration, 
stools, and urine, disregarding the building up or 
breaking down of tissues. In short periods of obser- 
vation (two to four weeks), changes in tissue content 
were usually negligible, although the results must be 
interpreted to include them. 


MerHops 


Fifty patients were studied, of whom 30 were 
men and 20 women. The amount of sodium snd 
chloride in the daily diet was calculated from stand- 
ard tables.7 Diets contained constant amounts for 
long periods. The intake of fluids was rigorously 
maintained at constant levels. Body weight Was 
carefully measured daily before breakfast to ).1 
Kg. on the same scales. Physical activity was con- 
trolled as consistently as possible, patients eit lie 
remaining in bed throughout the period of stucy, 
or being ambulatory in hospital. Control periods 
often lasted from four to six weeks and some pa- 
tients remained in hospital for two to five months. 
Detailed methods of study have been discussec in 
a previous communication.’ 

Thirty-nine patients exhibited edema and othe 
signs of increased extracellular fluids. Fourteen sul- 
fered from rheumatic heart disease, 20 from arterio- 
sclerotic heart disease without arterial hypertension, 
and 3 from cardiae failure following hypertension 
In one, edema resulted from hypoproteinemia, «nd 
in one from Cushing’s syndrome. Of the 11 patients 
without edema, 7 suffered from arterial hyperten- 
sion without disturbance of renal excretory fune- 
tion, 3 from coronary occlusion, and one from mild 
bronchial asthma. In only the 3 hypertensive in- 
dividuals and one other was organic renal disease 
demonstrable by laboratory examination. Nitro- 
gen retention was not present in the remainder, 
nor was the clearance of urea unduly lower than 
normal when a state of fluid balance had been 
achieved. Congestive failure was very severe in 
most patients, and an attempt was made to stud) 
only those cases in which signs and symptoms of 
congestion were long standing, therapeutic mess- 
ures had been unsatisfactory, and the primary 
cardiae disease only slowly progressive. 

The total amount of chloride in the urine was 
measured daily (Volhard-Arnold method), over 2,200 
determinations being made. Although technical diffi- 
culties of measuring sodium at that time (1937-1941) 
prevented information being gained concerning the 
behavior of this ion, measurements of the urinary 
excretion of chlorides were considered fairly good 
indications of the fate of salt. There is no evidence 
that chlorides other than sodium chloride are re- 
tained by cardiae patients, or that they play a pri- 
mary part in edema fluid other than to accompan) 
sodium; on the contrary, chloride ions when ad 
ministered with other bases (ammonium, potassiun 
are usually readily excreted. Chloride was therefor 
calculated as sodium chloride. The urinary volun: 
was carefully collected and measured to as exac' 
values as possible. 


RESULTS 


The Paradoxical Effect of Ingested Salt on t/ 


Urinary Excretion of Chlorides and Water. The 
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is . critical balance in cardiac patients between this point. In order to examine the effects of 
th amount of salt ingested in the diet and the changes in the intake of salt on its excretion, 
ac umulation or disappearance of edema. This 7 patients were studied for relatively short 
varies With the nature and extent of the disease periods (table 1). In 4 of these patients the 
from which the patient suffers. For example, urinary excretion of chlorides was actually de- 


Tasie 1.—The Effects of Ingested Salt on the Urinary E.ccretion of Chlorides and Water 


Intake Days of Cl as NaCl hee 
Observa- ™ Remarks 
tion 
Fluids Gm./day | Gm./L. Total Gm./day 


ce. Kg. 


1200 : ’ —0.8 Digitalis given 4/11 
1200 


Ss Bak. of 

10/39 3. 1200 ; 4 4.7 | +470 
20/39 os 1200 i 2.7 | +386 
1/27/39 : 1200 R aa 8 +114 
2/ 4/39 a 1200 ug 46 4 +29 


1 
l 


and 3000 10 , 83 | 3 Intake of fluids varied 
3000 10 ae : : 2.8 during experiment 
ind 3000 10 


L000 
1000 


1500 : > Le “ — 100 
1500 ‘ ; 36 we — 150 
1500 . ; ; “ +350 


1000 ‘ ; : +157 
1/28/39 : 1000 as ; ol: 8 +450 


39.* C. M. of 
1/3 /40 1 1500 .30 .66 525 | —0. —1l4 
1/11/40 4. 1500 ¢ he .o3 320 | +2. +667 
$/20/40 ba 1500 t 1.20 .90 | 1335 | —0.- —80 On digitalis 
1/25/40 4 1500 1.26 1.54 820 | +3. +486 


liagnosis of Case 39, C. M. o@, age 59. Arteriosclerotic heart disease; coronary occlusion. Other diagnoses 
giver in table 5. 


Whe other factors are constant, certain pressed when the intake of salt was at higher 
pat ents will lose edema when the intake of salt levels. This paradoxical effect was accompanied 
is |) Gm. per day and gain it when the intake by decreased urinary volume in only two of 
is 0 Gm. A minority require restriction of these, but in three weight was affected un- 
sai’ to 0.5 Gm., while less severe cases may be favorably. In the other 3, slightly more 
ad quately controlled by a dietary intake of 2.0 chlorides were excreted when the intake of salt 
(11. Repeated experiments have. demonstrated was increased, but the changes were very much 
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less than expected. Weight in two was gained. 
Plasma chloride levels were low in the third 
(N. J.), which may account for the absence of 
a gain in weight, salt, without water, being 
retained. 

It therefore would appear that ingested salt 
may act paradoxically on urinary chlorides in 
certain cardiac patients, serving to depress 


TABLE 2. 


Intake al 
NaCl 


Fluids 


cc. 


B.H. 


5 
5 


6/39 


ll/ 1/ 
11/ 6/35 


11/13 
11/14/% 
11/15/35 


* In 4 to 6 per cent solution. 
+ Plasma chloride 80.2 m. eq./L. 


} Days of 
Injected* Observation 


depressed after three of nine injections of re!a- 
tively small amounts (5.0 to 8.0 Gm.), and 
after the other 6, was increased only slightly, 
Body weight was affected unfavorably in two 
of the subjects. Analyses of individual speci- 
mens of urine in one subject (B. H.) showed 
that the concentration of chlorides rose to re'a- 
tively high levels for a cardiac patient (ma xi- 


The Effect of Injected Salt on the Excretion of Chlorides 


Output in Urine 
Change in Body We sht 
Cl as NaCl 


Gm./day Gm./L, Total 


Kg. 


.036F OF . +10) 
.042 OF j +340 
.45f 86 e —100 
55 


oe +400 


.70 . w +500 
.28 ‘ 4 +500 
.03 ‘ e +400 


692 
283 
759 
1304 
1446 
1356 


Cow + 


nN — bo 


+140 
+800 


t Plasma chloride varied in the next five experiments in this patient as follows (m. eq./L.): 93.4, 97.0, 95.0, 


97.5, 101.6. 


§ Diagnosis of Case 38, P. F. o@, age 33. Rheumatic heart disease. Other diagnoses given in table 5. 


them; sometimes urine volume is also lowered. 
Furthermore, when the intake of salt is raised, 
the expected increase in urinary chlorides does 
not occur. 

The Effect of Injected Salt on Weight and on 
Urinary Chlorides. When salt in relatively small 
amounts was injected intravenously in hyper- 
tonic solution (4 to 6 per cent) into 3 patients, 
somewhat similar results were obtained (table 
2). The urinary excretion of chlorides was 


mum 31.5 milli-equivalents per liter) immedi 
ately after the injection, although the tota! 
amount excreted was relatively low, and did no 
change greatly. Larger quantities given b) 
vein (24 to 33 Gm.) caused increases in the con 
centration and amount of urinary chlorides 
but very much less than those seen in norm: 
subjects‘; the highest values being 70.6, 79. 
39.5, 36.6, 50.3, and 18.5 m. eq. per L. as con 
pared to normal levels of 178.9, 207.8, an 





HENRY A. SCHROEDER 


TaBLE 3.—The Effect of Fluids on the Excretion of Chlorides 


] 


, Urinary Excretion of a op Roce 
Sota af Intake of Days of | Cl as NaCl Change in Body Weight 
Chloride Fluids Observation 


Total Average/day Total Gm./day 
Gm. ‘ Gm. Gm. Kg. 7 
8. B. H. 
9/ 6/39 ‘ 3.84 : aa 186 
9/14/39 : 2é 6.64 , 2. 147 
10/ 3/39 . 4 | 20.59 ‘ é 7 
10/18/39 ‘ 14.56 : : —85 


20; W. H. 
11/ 1/38 : 1200 
11/11/38 ; 2000 
11/28/38 é 600 
12/ 8/38 ; 1200 


16. H. M. 
1/21/38 
2/ 6/38 
2/21/38 


ae a 
11/ 6/37 
11/26/37 


26. A. K. 
9/ 8/39 j 1500 
9/20/39 2500 
9/27/39 , 3000 
10/ 4/39 1000 
10/12/39 . 2500 


33. A. M. 
8/29/39 
9/ 7/39 


9. M. J. 
9/15/37 
9/24/37 


». J. B. 
9/14/39 2400 
9/21/39 800 
10/ 5/39 : 1500 


18. i. K. 
9/22/37 ; ‘ 10.17 
9/29/37 ; 3.98 
10/ 3/37 : 8.34 
10/ 8/37 : 11.29 


table 5 for diagnoses. 


m. eq. per L. Overloading the circulation level in blood. The very low levels of urinary 
salt did not depress the ability of the chlorides accompanied by relatively normal 
‘ys to excrete nitrogen as measured by clearances of urea is noteworthy (tables 1, 2, 


clearance of urea and the urea nitrogen and 3). The presence of edema secondary to 
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hypoproteinemia was not accompanied by dis- 
turbances of the renal excretory mechanisms of 
salt (fig. 1). 

Therefore, it would appear that patients in 
severe stages of congestive failure are unable to 
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excrete relatively small amounts of chlorides 
efficiently, whether given by mouth or by vein. 
These disturbances are probably specifically 
concerned with the excretion of salt, and bear 
little relation to the excretion of nitrogen. De- 
pression of urinary excretion of chloride by 
elevated dietary or parenteral intakes cannot 


Subjects. Seven patients suffering from a 
Normal 
Cardiac 
© Sodium 
x Chloride 
¢ Urea Clearance 
a 
© & of normal 
+ ae 
| 100 
+ 90 
L 80 
Pa 
. 60 
}sOo 
$ 
. 40 
2 
\. 30 8 
eta tetae x 
20 
ae ae ie eee a ees es eee det eee nants es Mee es 2 
10 
26 32 36 40 ae 4e 


Iiffect of excessive circulating sodium chloride upon urea clearance, and urinary sodium 
and chloride excretion in a patient with a normal heart, and in one who suffered from congestive 
circulatory failure which was partially controlled at the time of the experiment. Both patients ex- 
hibited approximately the same amount of edema; in the ‘‘normal’’ it was caused by hypo- 
proteinemia probably secondary to ceroid disease, the kidneys being normal as to funetion and pro- 
teinuria. At zero time, 24.0 Gm. of 6 per cent sodium chloride solution was injected intravenously. 
There was little effect upon urea clearance, but excretion of both sodium and chloride in the cardiac 
patient was relatively low. Plasma levels of sodium and chloride reached 153 and 119 m. eq. per L., 
respectively, in the ‘normal’? subject, and 151 and 111 m. eq. per L., respectively, in the cardiac 
patient. In other similar experiments sodium excretion was too low to measure accurately, values of 
less than 20m. eq. per L. being inaccurate (indicated on chart). Data obtained from previous studies.‘ 


CIRCULATORY FAILURE 


be explained on the basis of reduced glomerular 
filtration. 

The Relation between the Urinary Excretion of 
Chlorides and the Intake of Salt, in Noncardiac 


moderate degree of arterial hypertension, an 
one from mild bronchial asthma were placed on 
diets containing known amounts of salt, an 
their urinary chlorides measured daily for four 
to sixteen days (average nine days). When tie 
daily intake of salt was from 6.0 to 10.4 Gm. 
(5 subjects), 80.0 to 86.5 per cent of the ‘- 
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ge-ted salt was excreted in the urine as chloride 
(average, 83.6 per cent). When it was 2.0 to 0.5 
Git. (4 subjects), 58.0 to 65.0 per cent was 
ex-reted (average, 61.3 per cent). Therefore, 
chioride losses by other routes than the renal 
on were affected by a low intake of salt, over 
five times as much being unaccounted for when 
the intake was high as when it was low.* Since 
losses by insensible perspiration were negligible, 
and patients sweated very little, relatively less 
depression of the levels in stools than in urine 
could account for these findings. In cardiac 
patients losing or gaining edema, this factor 
cannot be applied to the excretion of urinary 
chlorides. 

The Effects of Changes in the Intake of Fluids 
upon Urinary Chlorides. Nine patients were 
studied especially to examine the effect of a 
relatively high intake of fluids upon the urinary 
excretion of chlorides. Excessively — large 
amounts of fluids have been reported to be 
beneficial to certain cardiac patients.’ When 
the intake of fluids was raised, no consistent 
results were seen (table 3). Excessively low 
intakes (1000 ce. or less per day) were, however, 
accompanied by decreased excretion of chlo- 
rides in 5 of 7 subjects. High intakes (2400 to 
3500 ce. per day) initiated a chloride diuresis in 
5 of 7 cases, but in only 2 was the intake ex- 
ceeded, and inconsistencies appeared in the 
sume patient (Cf. B. H., J. B., E. K.). When 
fluids were suddenly doubled or trebled, a lag 
period of one to three days was sometimes seen 
before the urinary volume increased, especially 
in more severe cases. As weight did not con- 
sistently follow chloride excretion, retention of 


*For example, a diet containing 8.0 Gm. of salt 
given (0 a normal subject was accompanied by the 
average daily urinary excretion of 6.45 Gm. of chlo- 
ride caleulated as NaCl, or 80 per cent excretion. 
When the dietary intake was reduced to 1.0 Gm., 
the urine contained only 0.63 Gm. after a period of 
restalilization, or 63 per cent excretion. Average 
urinary’ volume was unchanged. Therefore, 1.55 Gm. 
Was oxcreted in stools (and possibly sweat) on a high 
intake of salt, and only 0.37 Gm. on a low intake. 
The tool therefore contained a higher percentage 
of insested salt on a low as compared to a high intake. 
Fur' ‘er restrietion of dietary salt caused even larger 
percentages to be exereted by other than urinary 
rou . 
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water without chlorides probably occurred in 
some cases. 

From these results it would seem that restric- 
tion of fluids in most cardiac patients may 
depress the urinary excretion of chlorides, 
while the intake of relatively large volumes 
may increase them slightly or moderately. 
Further evidence on this point was obtained 
from an analysis of the urinary excretion of 
chlorides during rigid restriction of fluids for 
twenty-four hours (concentration test). In one 
patient (H. M.) this procedure, repeated on 
three separate occasions, was not found to 
affect the concentration of urinary chlorides 
appreciably, but the amount excreted became 
very much less along with the lower urinary 
output (fig. 2). This was also true in three other 
‘ardiac patients on diets containing 1.0 Gm. of 
salt per day; in a normal individual (G. 8.) the 
concentration increased. Adequate fluids are 
apparently necessary to allow the kidneys of 
‘ardiac patients to excrete chlorides, but exces- 
sive amounts are not. Within a certain range, 
which differs from one patient to another, the 
excretion of chloride appears to remain fairly 
constant. 

Miscellaneous Observations. The effect of the 
intravenous injection of large amounts of hy- 
pertonic salt solution (24-33 Gm.) on the pulse 
rate or pulse deficit was observed in 6 subjects. 
In a normal individual the average pulse rate 
increased 12 beats per minute the day after 
the injection; in a cardiac patient with normal 
rhythm it increased 10. Of 4+ subjects exhibiting 
auricular fibrillation, no change was seen in 2; 
in the other 2 the rate increased from 60 to 85 
and 75 to 100 beats per minute, respectively, 
and a pulse deficit of slight degree became 
manifest. 

In one, the effects of oxygen upon urinary 
chloride excretion was studied. Although the 
patient was not in need of extra oxygen, she 
was placed in an oxygen chamber at a concen- 
tration of 40 to 45 per cent, for five days. The 
urinary chloride excretion increased from a 
daily average of 1.40 Gm. during the preceding 
five days to 1.77 Gm., while urine volume and 
body weight were not affected. 

The content of chlorides in various body 
fluids was measured in 10 subjects, thirty 
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samples being taken. Protein was measured in 
eleven samples; as is known, abdominal fluid 
has the highest concentration (table 4). There 
was considerable variation in the concentration 
of chlorides in body fluids, and in progressive 
samples it sometimes decreased (5 cases) indi- 
cating dilution of electrolytes. All of these 


was less, more fluid probably being lost through 
other routes. 

Relation between Weight Loss and Total Chlo- 
ride Excretion. The total urinary excretion of 
chlorides for varying periods during which 
weight was lost (four to sixty-six days) was 
measured and compared to changes in body 


patients were severely ill and died. weight in 29 cases. The average period of 
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Total Chioride, gm./24 hrs. 
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Fic. 2.—The effect of severe restriction of fluids for twenty-four hours upon the excretion of 
chlorides in a cardiac patient who was losing edema fluid. Chlorides are calculated as sodium 
chloride. The arrows at the top indicate the days on which the concentration test was performed. 
Although there were wide fluctations in the amount excreted, the concentration was relatively un- 
affected by the low urinary volume, indicating some relationship between volume and amount, 
and a deficiency in the ability of the kidneys to concentrate chloride. 


observation was thirty-one days. In most cases, 
diuretics were given; in others, fluids were re- 
moved mechanically (thoracentesis, paracen- 
tesis abdominalis, direct removal of edema b: 


Analysis of the data from a comparison of 
the change in weight expected from the removal 
of the fluid, and the actual loss of weight the 
day after it was removed, revealed discrepan- 





cies. In nine instances the calculated weight 
loss was greater by 0.5 Kg. or more than that 
which actually occurred, suggesting that fluid 
subsequently ingested was retained. In ten it 


Southey tubes); in the remainder, no change- 
in therapy were made. While the Volhard- 
Arnold method for measurement of urinal 

chlorides is accurate at relatively high concen- 











TaBLE 4.—Chloride and Protein Content of Abdominal, Pleural, and Edema Fluid 


| | | | | | Weight Lost 


ses a | 
ee. Source of Fluid Volume | — as Nac ——— ge. re we 
| Actual Calculated ce 
_ ce. Gm. | m. ae. | Gadi. Kg. Ke. Kg. 
20. W.H.¢ 
11/29/38 Abd. 10600 | 1.020 | 65.72 106.0 36.72 9.7 10.8 | +1.1 
12/12/38 Abd. 5200 | 1.017 | 31.6 104.3 4.8 5.3 +.5 
a, ££. g 
6/11/38 Pleura 1500 | 1.012 | 10.53 120.0 1.4 1.5 +.1 
6/14/38 1500 1.010 | 10.31 117.4 1.4 1.5 +.) 
6/24/38 1200 | 1.011 6.94 98.8 ta 2 =k 
31. A.S. of 
10/12/38 Pleura 1600 | 1.010 | 10.67 112.8 2.5 1.6 ag 
27. F.M. 2 
12/30/37 Kidema 5300 | 1.011 | 39.11 126.2 723 5.7 | —k6 
12/31/37 250 | 1.008 3.45 117.9 
16. H.M. 9 
1/12/38 Pleura 850 | 1.016 5.85 117.6 1.5 9 iG 
9/19/38 1150 | 1.017 6.50 96.6 LS 1.2 =n 
9/23/38 1050 = 1.015 5.40 87.9 0 Ld | +a 
8. B.H. & 
1/10/39 Abd. 15080 1.013 128.2 145.3 23.04 | 14.4 5.3 oe 
2/ 9/39 13000 74.1 97.4 23.6 13.6 3.0 56 
3/16/39 8566 39.7 78.6* 27.2 8.9 S27 259) 
6/26/39 9575 «1.012 54.6 97.4 28.8 ~ 9.6 = 
9/ 5/39 14620 | 1.011 = 107.5 125.6 23.4 14.4 14.8 +.4 
10/ 2/39 12440 65.9 90.6 27.2 Het 12.4 —.9 
B43: 2. 2 
9/ 9/39 Abd. 6830 21.4 95.7 16.56 
24. E.C. 9 
1/ 4/41 Pleura 1000 1.014 5.64 96.4 9.72 1.5 1.0 2h 
: 1/10/41 Edema 925 1.010 4.90 90.6 (L) 7 1.4 ~2@ 
‘ 495 | 1.010 2.57 88.8 (R) 
3 
: 1/11/41 717 —-:1.010 3.80 90.6 (L) bey 9 se 
; 245 | 1.010 1.27 88.8 (R), 
4 1/12/41 214 1.010 -11.18 90.6 (L) 3 a) oad 
42 (1.010 0.22 90.6 (R) 
} /28/41 1018 | 1.010 4.95 83.1 a imi +2 
i 1/29/41 1114 | 1.010 5.19 79.6 5 ‘A +.6 
{ 1/30/41 1037 | 1.010 4.73 77.9 3 1.0 +-.7 
5 
4 34. J.Se. # 
10/ 1/39 Pleura 2200 12.54 97.4 13.68 1.5 2.2 +.7 
1060 10.55 97.4 15.12 £7 1.1 == 
28 A.G. o 
11/ 4/37 Pleura — 1620 1.018 9.28 99.1 2.5 1.6 —=§ 
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* Plasma Cl. 73.5 meq./L. 
+ Plasma Cl. 92.4 meq./L. 


(L) Left leg. 
(R) Right leg. 


§ Diagnoses: Case 42—A. G. o’, age 58. Arteriosclerotic heart disease. 


** + = fluid retained; — = fluid lost. 


Case 438—J. P. 
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3’, age 37. Arterioscierotic heart disease. 
auricular fibrillation. 
Other diagnoses given in table 5. 











490 


trations, inaccuracies of as great as 20 per 
cent may be found when the concentration is 
below approximately 15 m. eq. per L.’ The 
total chloride content of the urine may there- 
fore represent an erroneous value when the 
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lated as sodium chloride was considered as ; 
fluid containing 100 m. eq. per L. of sodium 
chloride, there sometimes appeared to be 

relation between this amount and changes i), 


body weight (fig. 3). For purposes of com 
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heart failure and the theoretical loss of weight as calculated from the output of chlorides in the 
urine. This figure was derived from the assumption that the amount of chloride excreted represented a 
fluid containing 100 m. eq. per L. (which would therefore be comparable to edema fluid). Those cases 
on the right of the isometric line represent instances in which a larger amount of chloride was lost 
than its equivalent of water, i. e., a comparative hydration occurred during diuresis. Those cases on 
the left of the line represent instances in which less chloride was lost than its equivalent of water, 
i. e., Water without sufficient salt had been stored prior to diuresis. Those cases on the negative side 
indicate instances in which there was actual retention of chlorides during diuresis, and suggest 
that considerable hydration had previously existed. The periods of study are shown in table 5. 


Weight is in Kg. 


daily excretion is low. This error, however, 
does not invalidate entirely the results, for 
measurements of urinary chlorides take into 
account only one of three routes by which 
chlorides can be excreted from the body. 
When the difference between the intake of 
salt and the urinary excretion of chlorides caleu- 


parison, the theoretic weight of this fluid wa- 
calculated on the basis of 1 Kg. per L., neglect 
ing urinary solutes. The weight of fluids re- 
moved mechanically was subtracted from the 
total change in body weight. In 12 cases there 
was fairly good agreement between the thec- 


retic loss of weight (fluids) calculated from 
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urinary chloride losses, and the actual loss of 
weight (table 5). In 6 cases the agreement was 
less close, and in 11 there were wide diver- 
gencies. 

Only one case (J. B.) was divergent from the 
expected relationship in a direction indicating 
that the theoretic loss (from chloride) was 
greater than the actual loss, ie., that salt 
depletion had occurred to a large extent. A 
period was chosen during which this patient 
received a total of 11.0 ec. of mercurial diuretics 
intravenously, resulting in a large loss of 
chloride in his urine. Ten of the 12 cases in 
which there was good agreement had received 
smaller amounts of mercurial diureties (fig. 3). 

On the other hand, the 11 cases which 
diverged markedly from the expected rela- 
tionship between actual and theoretic weight 
loss diverged in a direction suggesting that 
more water and less chloride was lost. In 4 
subjects there was actually a ‘“‘positive’’ chlo- 
ride balance in spite of the loss of weight. If 
this method of analysis is accurate enough for 
the purpose, these findings indicate that con- 
siderable water unaccompanied by chloride had 
been previously retained, and was lost via the 
urine and other routes during the period of 
observation. 

An attempt was made to correlate differences 
between the fluid intake and the average daily 
urinary volume with the daily, weekly, or 
monthly loss of weight. No agreement was 
seen. While there was some rough correlation 
during short periods of diuresis, over longer 
periods the urinary volume was found to be the 
least exact of any method for the estimation of 
loss of edema. 


DISCUSSION 

It is becoming increasingly evident that con- 
gestive circulatory failure is associated with 
disturbances of the balances of water and salt 
which are initiated by a failing circulation and 
mediated by the kidneys. These disturbances 
can act through two mechanisms: a direct renal 
one and an extrarenal one, probably involving 
endocrine influences.’ There is evidence for 
both hypotheses. 

In congestive failure renal blood flow has 
been found considerably reduced, enough to 


account for diminished excretion of sodium 
and chloride. The theory has therefore been 
advanced that the retention of salt and water 
is on the mechanical basis of a decrease in the 
volume of glomerular filtrate and a shunting , 
blood away from the kidneys, without excess 
tubular reabsorption of salt. Other functions 
however, such as the ability to excrete nitro 
nous products and water, are not. interfe 
with to the same extent. Since both salt a 
nitrogenous products are filtered at the sav 
rate, differences in their retention must 


attributed to specific alterations in their re- 
spective rates of tubular reabsorption. Ure: is 


reabsorbed passively by diffusion, salt actively, 
Three types of disturbance in the normal rela- 
tions between filtration and reabsorption of salt 
could cause retention: (1) lowering of filtration 
rate without change in the absolute rate of re- 
absorption; (2) lowering of filtration rate with 
increase in the absolute rate of reabsorption; 
and (3) maintenance of filtration rate with 
increase in the absolute rate of reabsorption. 
None of these alternatives apply to the normal 
state. As to the first, in arterial hypertension 
and chronic glomerulonephritis low filtration 
rates are frequently seen without clinical evi- 
dence of salt retention; in aged persons filtra- 
tion rates may fall to half normal values with- 
out edema developing"; the upright position 
and exercise are accompanied by lower filtra- 
tion rates.’ It would appear, therefore, that 
normally a fall in filtration is usually accom- 
panied by decreased reabsorption of salt. The 
third possibility is untenable in the light of the 
experimental evidence found in cases of con- 
gestive failure. The second possibility must 
therefore be considered carefully. 

It is obvious that a marked reduction in 
renal plasma flow associated with less reduction 
in glomerular filtration rate will produce the 
conditions necessary for a tendency to retain 
salt, provided that the renal tubules remain in 
a constant state as regards reabsorption. The 
experiments reported here, however, strongly 
suggest that the tubules have increased their 
rates of reabsorption for salt, but not for 
nitrogen. The 2 patients studied by Merrill, 
who had not received a mercurial diuret'c, 
excreted 0.04 per cent and 0.01 per cent of 
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filicred sodium at glomerular filtration rates of 
60 and 91 ml. per minute, a circumstance in- 
co! patible with nitrogen equilibrium if applied 
to other funetions of the kidney. Assuming the 
low ost values of glomerular filtration rate found 
by Merrill (approximately 50 ml. per min.), 
cal ulations can be made on the present findings 
whieh show that chloride reabsorption was 
ma’ xedly increased above that expected, ex- 
cretion having been only 0.7 to 16 X 107° per 
cen’ of the amount filtered. During some 
twe:ty-four-hour periods, none was detectable 
in the urine, although nitrogen and water 
excretions were not abnormal, and adequate 
intake of salt was assured. These levels for 
chloride excretion are of similar magnitude to 
those found by Merrill for sodium. The para- 
doxical depression of chloride excretion after 
higher intakes of salt seen in 6 of 9 patients 
suggests an extrarenal influence working to 
decrease filtration or to increase reabsorption 
of chloride. That this extrarenal influence did 
not affect filtration is indicated by the absence 
of depression of the clearance of urea when 
large amounts of salt were injected intrave- 
nously (fig. 1). In fact, we have seen the clear- 
ance of urea at twice normal values, while the 
ability to excrete salt was markedly impaired. 
A tendency to the formation of edema from 
hypoproteinemia was not accompanied by 
diminished excretion of salt (fig. 1). 

Therefore, it becomes evident that the 
kidneys of cardiac patients exhibit a more 
marked depression of their ability to excrete 
salt than can be assumed from a lowered 
glomerular filtration rate. The salt-excreting 
function, which in normal subjects fails when 
the concentration in the urine is approxi- 
mately 18.0 Gm. per L., appears in cardiac 
patients to break down at about 10 per cent of 
that value, or less. Such a low level, if applied 
to other excretory functions, is incompatible 
with normal nitrogen balance. 

For one function of the kidneys to be altered 
and not others points to the action of extra- 
rena’ influences. The hormones of the adrenal 
cortex which regulate salt balance come to 
mind. If failure of the circulation in some way 
acts upon the adrenal cortex to stimulate the 
production of salt-retaining hormones, some of 


the findings would be explained. Deficient flow 
of blood through the kidneys, caused by a fail- 
ing circulation and/or intrarenal circulatory 
alterations, would explain the remainder. The 
low concentration of sodium in sweat found in 
chronic congestive failure!’ is in accord with 
the hypothesis that the adrenal cortex is over- 
active. 

There also appears to be a disturbance of 
water balance in many patients which is not 
wholly dependent upon a specific retention of 
salt. A considerable number apparently had 
retained more water than would be indicated 
by an isosmolar amount of salt in edema fluid. 
Unfortunately, adequate studies of the levels 
of sodium in plasma were not usually made, but 
there is enough evidence to suggest that dilution 
of electrolytes from the storage of water oc- 
curred in many of the more severely ill patients. 
Serum sodium and chloride levels were usually 
slightly lower than normal, indicating hemo- 
dilution; chloride levels in extracellular fluids 
were often considerably depressed. Diuresis in 
many was not accompanied by an amount of 
chloride sufficient to explain the loss of weight 
as occurring from the excretion of an edema 
fluid containing normal concentrations of salt. 

While retention of water by the kidneys can 
be caused by renal failure alone, extrarenal 
factors probably exert greater effects than renal 
ones. The secretion of the posterior lobe of the 
pituitary and other antidiuretic substances 
may act as accessory influences, for kidneys 
must be very severely damaged to be unable to 
excrete water. One condition, the ‘low-salt 
syndrome,’ is tecognizable, however, which 
depends upon disturbances of salt balance dur- 
ing which water is not excreted; this situation 
can sometimes be reversed by raising the levels 
of sodium and chloride in the body to normal. 
Whether or not antidiuretic hormones are at 
work in this condition is not known. 

These studies suggest indirectly that there 
is excessive reabsorption of chloride, and prob- 
ably sodium, by the renal tubules of patients in 
congestive failure. Other .experiments have 
demonstrated a specific depression of the ex- 
cretion of both sodium and chloride even under 
added loads. Calculations of the ratios of the 
clearances of inulin and chloride (C;/Cci) 
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under conditions of salt-loading reveal that in 
cardiac patients the ratio rises sometimes to 
twice normal values, assuming a glomerular 
filtration rate of 50 ml. per minute for cardiac 
and 100 ml. per minute for normal subjects. 
For this ratio to remain at normal levels 
would require filtration rates of approximately 
11 to 30 ml. per minute, which are very much 
lower than those found. Therefore, tubular re- 
absorption of salt must be increased. If this is 
so, the renal tubular work involved, judging 
from the calculations of Newburgh,'® must be 
very large. The retention of 90 to 96 per cent 
of ingested or injected salt at adequate volumes 
of urine indicates the excessive work performed. 
It is difficult to ascribe this increase in renal 
work to insufficient oxygen in the kidneys; a 
more likely explanation is found in extrarenal 
factors stimulating renal tubules. 

The mechanism of congestive circulatory 
failure therefore can be postulated theoretically 
according to the following: (1) The heart, by 
reason of myocardial failure or obstruction to 
filling, cannot meet the loads imposed by the 
requirements of the peripheral circulation and 
pumps less blood than is needed to supply the 
body with oxygen. It is not the purpose of this 
discussion to examine whether ‘forward’ or 
“backward” failure predominates, nor is this 
question pertinent to the subject at hand. In- 
adequate flow of blood through the heart ap- 
pears to be the initial stimulus. (2) Renal blood 
flow becomes reduced in response to some un- 
known stimulus, leading to a tendency to re- 
tain salt, water, and nitrogen. (3) A com- 
pensatory mechanism, probably involving the 
adrenal cortex and possibly anti-diuretic sub- 
stances, is called into play, acting upon the 
principal fluid-regulating organs of the body, 
the kidneys. (4) Salt and water are retained by 
the kidneys through the action of salt and 
water-retaining hormones on the renal tubules. 
(5) The net result is an increase in blood volume 
and extracellular fluids, which may be an 
attempt to maintain homeostasis, but results in 
distress. 

The control of the distress resulting from the 
accumulation of edema fluid, aside from the use 
of diuretic agents, involves the following meas- 
ures: (1) Dietary restriction of sodium chloride 


to a level commensurate with the ability of the 
kidneys to excrete salt. This point has been 
repeatedly demonstrated and needs no dis- 
cussion other than to emphasize that restriction 
of the intake of salt must often be rigid. (2) The 
volume of urine must be adequately main- 
tained'> which usually means an adequate or 
unrestricted intake of fluids. Excessively high 
fluids, however, in severely ill cardiac patie 

may result in excessive hydration and _ re 

insufficiency. It may become necessary to me 

ure, therefore, the levels of plasma sodiu: 

chloride and carbon dioxide combining po' 

in order to detect hydration, and in some es 

to restrict fluids moderately. We have been 
unable to substantiate a recent report!® which 
indicated that diets containing 3.0 Gm. of salt 
and restricted fluids were preferable to those 
with less salt and more fluids; in fact, all of our 
results point to the opposite as being true. (3) 
Severe depletion by diuretic agents of sodium 
and chlorides in body fluids must be avoided. 
(4) It is possible to prevent congestive failure 
from occurring, even when the potentialities 
for its development are present, by restriction 
of salt inthe diet. The effects of diuretic agents 
will be discussed in a subsequent communication. 


SUMMARY AND CONCLUSIONS 


1. Fifty patients, of whom 39 suffered from 
congestive circulatory failure of cardiac origin, 
were studied. Urinary chlorides, water, and 
body weight were measured daily for long periods 
while the intake of salt and water was main- 
tained at constant, but different levels. 

2. The amount of chlorides excreted in the 
urine was either depressed, or was raised only 
slightly, when the intake of salt was increased, 
either by ingestion or by intravenous injection. 
Depression of nitrogen excretion did not ac- 
company this alteration. The cardiac patient 
can excrete very little chloride under norma! 
circumstances. 

3. Restriction of the fluid intake usually 
resulted in retention of chlorides; elevation of 
the fluid intake sometimes initiated slight or 
moderate chloride diuresis. 

4. A comparison of the theoretic loss of 
weight during recovery from failure calculated 
from the urinary excretion of chlorides, and tie 
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actu: loss, indicated that over one-third of the 
subj cts were in a state of excessive hydration 
while in failure. 

5. Congestive circulatory failure of cardiac 
origi: is a disturbance of fluid balance initiated 
by the heart, but mediated principally through 
the \idneys. Disturbances of both salt and 
water balances can be present, which may be 
the result of hormonal effects upon renal 


regui.tory mechanisms. 
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Tracer Studies of the Urinary Excretion of Radioactive 
Mercury following Oral Administration of a 
Mercurial Diuretic 


By Wiuu1aM J. OveRMAN, M.D., Wituiam H. Gorpon, Jr., M.D., anp G. E. Burcu, M.!). 


This report presents experimental evidence of the inefficient intestinal absorption of mercury fol 
lowing the oral administration of a mercurial diuretic. Radiotracer technic was employed using 
a diuretic prepared with radioactive mercury. Both control subjects and subjects with congestive 
heart failure were shown to absorb only a small percentage of the mercury administered by the 


oral route. 


EPORTS on the efficacy of oral mer- 
curial diuretics in control of edema in 
patients with chronic congestive failure 

have been in general agreement.'~"' Employ- 
ing the ability to control edema as a clinical 
index, various workers !: *: +: 7 have found the 
preparations used to be effective in from 58 to 
77 per cent of trials. The validity of this in- 
dex, however, is questionable. The efficacy of 
a mercurial diuretic may also be evaluated 
from a knowledge of the absorption, blood con- 
centration, and urinary excretion of mercury, 
the active agent common to this whole class 
of compounds”. Opportunities were available 
during the course of other studies to make these 
observations by tracing radiomercury chemi- 
cally incorporated into a mercurial diuretic 
prepared for oral use. The tracer method 
permitted quantitative assay of many samples 
during each experiment. 


MATERIALS AND METHODS 


The labeled mercurial diuretic “Mercuhydrin’’* 
was prepared with radioactive mercury (Hg?°. 2°5) + 
such that each capsule of 0.33 Gm. contained ap- 


From the Department of Medicine, Tulane Univer- 
sity School of Medicine and Charity Hospital of Lou- 
isiana at New Orleans. 

Aided by grants from the Life Insurance Medical 
Research Fund, a War Department Contract No. 
W-49-007-MD-389, and the Mrs. E. J. Caire Fund for 
Research in Heart Disease. 

* The sodium salt of methoxyoximercuripropylsuc- 
cinylurea with theophylline, prepared with radio- 
mercury in this laboratory by Messrs. Harold 
Krahnke, Darwin Kaestner, and Edwin Sprengler 
through the courtesy of Dr. H. L. Daiell, Director of 
Research, Lakeside Laboratories, Milwaukee. 

+ Radioactive mercury (Hg? 2°5) was obtained 
from the Isotopes Division of the Oak Ridge National 
Laboratories. 


proximately 60 mg. of ‘“Mercuhydrin” (19./ mg’ 
mercury and 24 mg. theophylline), with lactose as 
a vehicle. The preparation was placed in plain o 
enteric-coated (shellac or salol) gelatin capsules 
Each capsule was equivalent in mercurial content 
to 0.5 ec. of the parenteral preparation. 

The specific activity of the capsules, as estimated 
by means of a mica window Geiger-Miiller counter 
and a special mold, varied considerably, owing to 
individual variations in degree of filling. The activity 
of five intact capsules was compared with the activity 
of the content of each of these capsules dissolved in 
water and measured under conditions employed for 
the biologic preparations. A high correlation was 
found between the activity of the intact and dis- 
solved capsules, the maximum deviation from the 
mean being 10 per cent (fig. 1). Thus, calculations 
of dosage in terms of radiomercury were possible. 

Twenty-two control subjects and 5 subjects with 
chronic congestive heart failure were selected for 
study from the medical wards of the Charity Hospi- 
tal (table 1). The control subjects were apparent 
free from any cardiovascular, renal, or metabolic 
disease; the majority had either recovered from an 
acute respiratory infection or were suffering from a 
chronic pulmonary disease. Only one subject had 
ever received a mercurial diuretic; this was a sub- 
ject with chronic congestive heart failure and edema 
but he had not received any for two weeks prior to 
study. Additional therapy for the subjects in his 
group consisted of restriction of salt, digitalis, bed 
rest and sedation. 

Of the 22 control subjects, 14 received the raclio- 
active mercurial diuretic in plain gelatin capsules, 
4 in capsules enteric-coated with shellac, and + in 
capsules enteric-coated with salol. All of the 5 s\b- 
jects with congestive heart failure received the 
labeled diuretic in plain gelatin capsules.* The diuretic 
was administered as a single dose after twelve hours 
of fasting. Food and liquids were withheld fo: at 
least two hours after administration except for witer 
needed to swallow the capsules. The dose for 23 ~ub- 


*One hundred mg. ascorbic acid was added to «uch 
capsule given to 5 of the control subjects who re- 
ceived the drug in plain gelatin capsules. 
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‘ts was 4 capsules, equivalent to 2.0 cc. of the 

renteral preparation or 78 mg. of mercury. This 

resented approximately 40,000,000 counts per 
\ nute (range: 37,246,000 to 43,649,000) or roughly 

millicurie. In 4 subjects the dose was 10 capsules, 
» uivalent to 5 ce. of the parenteral preparation, 
15 mg. of mercury, or approximately 100,000,000 
counts per minute (range: 98,726,000 to 119,943,000) 
or 0.25 millicurie. 

samples of blood were obtained from an ante- 
cubital vein at ten to fifteen minute intervals from 
th first subjects studied, at thirty minute intervals 
from others, and at hourly intervals later in the 
series. Specimens of urine were collected by catheter 
in some patients; in others the samples were voided, 
collections being made until there was no further 
radioactivity demonstrable. Fecal specimens were 
obtained from a number of subjects, but accurate 


CAPSULE CALIBRATION 


RATIO OF CAPSULE COUNT TO RECOVERABLE 
RADIOACTIVITY WITH BIOLOGIC METHOD 
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Fic. 1.—High correlation of counts obtained for 
5 capsules selected at random and observed in the 
intact state and then with the counts of each dis- 
solved in water by the use of the method for the bio- 
logic specimens. The points represent the values of 
each capsule and the line their mean. 





quantitative determinations of their radiomercurial 
content were unsuccessful because of problems of 
self absorption and other difficulties peculiar to the 
handling of radiomercury. 


RESULTS 

Total urinary excretion of mercury follow- 
ing oral administration of the diuretic was 
low both in the control subjects and in the 
sub/ects with chronic congestive heart failure 
(table 1). Urinary recovery of the oral dose 
varied from 11.79 per cent to 0.00 per cent, 
Wit!) an average of 3.86 per cent. The largest 
perventage of recoveries was obtained after 
adiiinistration of the drug in plain gelatin 
cap-ules (table 1, A, B, and E), and the small- 
est recoveries occurred following its use in 


TABLE 1.—Summary of Results Obtained with Oral 
Mercuhydrin for All Subjects 





si | recor" | Gear 
yrs.)| Diagnosis = time 
cent) | min.) 


A. Control subjects when received dete of 10 plain 
gelatin capsules 


E. H. | 3 | Convalescing pneumonia | 3.60 | 1420 
J. He. a | Pleural effusion, clearing | 8.90 1298 
W. > aa | No disease | 4.23 | 1347 
W. O. | 29 | | No disease | 6.60 | 1700 


B. Control subjects who eased dose of 4 plain 
gelatin capsules 


O.P. | 32 | Convalescing pneumonia | 3.86 | 1410 
F.M. | 46 | Tuberculous adenitis | 4.33 1440 
E. M. | 28 | Convalescing pneumonia 11.79 | 1350 
L. W. | 55 | Convalescing pneumonia, | 0.72 | 1205 
| | anemia 
| 54 | Convalescing pneumonia | 6.41 1630 
| 63 | Severe nutritional ane- | 2.: 1765 
| mia, corrected by trans- 
| fusion | 
| | Bronchogenic carcinoma | 4.03 | 1764 
| Possible pernicious ane- | 7. 1690 
| | mia, normal hemogram | 
| 19 | Convalescing pulmonary Be: 837 
| | abscess 
| 47 | Bronchogenic carcinoma 5.50 ' 1513 


C. Control subjects who received dose of 4 shellac- 
coated capsules 

V.D. | 29 | Sterile synovitis 0.23 | 325 

Jo. H. | . | Pulmonary abscess 10.04 | 156 

: 2 = | Bronchogenic carcinoma | 0.00 0 

Bronchiectasis, afebrile | 0.00 0 


D. ‘Cuma subjects who received dose of 4 salol- 
coated capsules 





29 | Tuberculous adenitis 1.19 | 1035 
| 20 | Corfvalescing pneumonia 0.06 550 
- | Guillain-Barré syndrome 1.86 | 930 _ 
Bronchiectasis, afebrile | 2.55 1510 


E. ‘Sadbjects with omanation heart failure who 
received dose of 4 plain gelatin capsules 


R.C. | 50 | | Hypertensive cardiovas- | 8.23 | 1365 
| cular disease, failure | 
L.M. | 61 | Arteriosclerotic heart | 0.18 785 
| | disease, hypertensive 
| cardiovascular disease, | 
| diabetes, failure | 
0 | Rheumatic heart disease, | 9.40 
| failure, chronic glomer- 
| ulonephritis 
68 | Hypertensive cardiovas- | 3.12 
| cular disease, failure | 
66 | Syphilitic heart disease, | 3.38 
| failure | 














498 





enteric-coated capsules (table 1, C and D). The 
addition of ascorbie acid to the diuretic in 
control subjects (last 5 subjects, table 1, B) 
did not appreciably affect urinary excretion of 
mercury. 

The shellac-coated capsules were extremely 
resistant to dissolution in the intestine; 50 per 
cent of those administered were recovered in- 


URINARY EXCRETION OF MERCURY 
FOLLOWING AN ORAL DIURETIC 
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Fic. 2—Comparison of the time course of the 

average rate of urinary excretion of mercury in 4 sub- 

jects with chronic congestive heart failure with that 
in 10 control subjects. 
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Fic. 3.—Cumulative urinary excretion of mercury 
for all subjects who received the diuretic in plain 
gelatin capsules, the 100 per cent value being based 
upon the total amount excreted in the urine. 


tact in the stools. Although the capsules coated 
with salol dissolved in the gastrointestinal tract, 
urinary excretion of mercury was essentially 
one-fourth of that observed following admin- 
istration of the diuretic in plain gelatin cap- 
sules. 

Three of the four control subjects who re- 
ceived a single dose of ten capsules experienced 
toxic reactions manifested by abdominal cramp- 








EXCRETION OF RADIOACTIVE MERCURY AFTER MERCURIAL DIURETIC 


ing and diarrhea. A dose of four capsules pro- 
duced no toxic symptoms. There was no sig- 
nificant difference noted in_ percentage of 
mercury recovered in the urine of the groups 
receiving these two quantitatively different 
doses in plain gelatin capsules (table 1, A, |: 
and E). 

The total urinary excretion of mereury foi- 
lowing a dose of four plain gelatin capsules w \s 
similar both for the control subjects and fur 
those with chronic congestive heart  failuve 
(table 1, B and E). The exeretion rates weve 
qualitatively different in that the maximum 
level of urinary concentration was lower and 
more prolonged for subjects with heart failure 
than for the control subjects (fig. 2). 
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Fic. 4.—Comparison of the concentration time 
course of radiomercury in the plasma with the time 
course of the rate of urinary excretion in control 
subject (E. M.). 


The average cumulative time-course of uri- 
nary excretion for mercury for all subjects 
receiving plain gelatin capsules is shown in 
figure 3. The time course of percentage ex- 
creted is based on the total amount recovered 
in the urine and not on the dose administered. 
Seventy per cent of the excreted mercury w:s 
found within 500 minutes (8.3 hours) after 
administration of the diuretic. The remainder 
was slowly excreted over an additional 1,()0 
minutes (16.2 hours). The average total tine 
for urinary excretion was 1,590 minutes (26.9 
hours), the extremes being 785 and 5,045 mn- 
utes (13 and 84.1 hours). 

Maximum concentrations of radiomercury 1n 
the plasma coincided in time with the perinls 
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(figs. 4 and 5). In general, the plasma concen- 
tr:tions were low in comparison with equal 
«es administered intramuscularly and intra- 
yenously,'® with one notable exception, a sub- 
je! with congestive heart failure, chronic 
gloinerulonephritis, and mild uremia (Subject 


( 


/\ PLASMA LEVEL 


and rate of urinary excretion observed for all 
subjects and is illustrated for 2 of these in 
figures 4 and 5. This would indicate that most 
or practically all the mercury found in the stool 
passed through the gastrointestinal tract unab- 
sorbed rather than having been absorbed and 


AND URINARY EXCRETION 
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Fic. 5.—Comparison of the concentration time course of radiomercury in the plasma and the time 
course of the rate of urinary excretion in Subject F. N., who had chronie congestive heart failure and 


chronic glomerulonephritis. 


Fk. N., table 1). The concentration of mercury 
in the plasma of this subject was higher and 
Was nraintained longer than in the other sub- 
jects (fig. 5), the tracer being detectable in the 
urine over a period three times as long as that 
of the average, 5,045 minutes or 84.1 hours. 


DIscUSSION 

Even though the radiomercurial content of 
the stools could not be accurately quantitated, 
it Was possible to demonstrate the presence of 
large amounts of mercury in specimens passed 
in the interval from 240 to 4000 minutes 
(4 to 66.6 hours) following administration. The 
large quantities passed in the stools indicate 
that if there is bodily retention or storage of 
mercury following oral administration, it is 
smal! 

The relatively long duration of detectable 
levels of radiomercury in the plasma of a pa- 
tient with impaired renal function who ex- 
crete small quantities of mercury in the urine 
over an extended period of time (fig. 5) sug- 
gest. that most of the mercury entering the 
blood stream is eliminated through the kidneys. 
Eviience supporting such a concept is offered 
by ‘he close correlation between blood level 
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then re-excreted into the bowel. Repeated ex- 
periments in this laboratory with the labeled 
diuretic administered parenterally’ confirm this 
opinion. The possibility of an enterohepatic 
cycle is ignored. 

Regardless of the mechanism or mechanisms 
involved, only small amounts of the radiomer- 
cury are recovered in the urine after oral ad- 
ministration of the diuretic. Since the diuretic 
effect of mercury is dependent to a large extent, 
if not entirely, upon its action on renal tu- 
bules,”? it would appear that only that mercury 
which finds its way into the kidney produces 
diuresis. The degree of diuresis has been re- 
ported to be proportional to the amount of 
mercury excreted in the urine."*: 1° 

For each of a series of two widely different 
dosages an average of 5.0 per cent of the mer- 
cury administered found its way into the 
urine." '!> Theoretically it is possible to admin- 
ister an oral dose sufficiently large so that 5.0 
per cent of it would produce diuresis. Approxi- 
mately 60 per cent* of the mercury of a com- 
parable mercurial diuretic (Salyrgan) admin- 


* Unpublished data from this laboratory indicate 
this figure is much higher with Merecuhydrin. 
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istered intravenously is recoverable in the 
urine." '® Therefore, to produce the equivalent 
urinary excretion of 1.0 ee. of an intravenously 
administered dose it would be necessary to ad- 
minister orally an equivalent of 12 cc. or 24 
capsules. However, a dosage of 10 capsules was 
found to produce gastrointestinal irritation in 
3 cut of 4 control subjects. Multiple doses may 
solve the problem, but they may still cause gas- 
trointestinal disturbances without resulting in 
sufficient urinary excretion to produce diuresis, 
since some mercury remains in the gastroin- 
testinal tract for several days after adminis- 
tration. A patient with renal damage and a 
prolonged period of urinary excretion for mer- 
cury, such as Subject F. N. (table 1 and 
fig. 5), might accumulate enough mercury fol- 
lowing repeated oral administration to achieve 
diuresis provided mercurialism does not su- 
pervene following repeated doses.*: ° 

The poor urinary excretion following the 
use of the salol-coated preparation indicates 
that when mercury is available, maximum 
absorption occurs relatively high in the gastro- 
intestinal tract (stomach or duodenum), at a 
level higher than that at which dissolution of 
salol occurs. 


SUMMARY AND CONCLUSIONS 


By means of tracer methods the absorption, 
blood concentration and urinary excretion of 
mercury following oral administration of stand- 
ardized single doses of plain and enteric-coated 
‘apsules of a mercurial diuretic were studied in 
22 control subjects and in 5 subjects with 
chronic congestive heart failure. 

Enteric coating of the capsules resulted in 
the lowest blood concentrations and in the 
poorest urinary excretion of mercury, which 
indicates that maximum absorption occurred 
high in the gastrointestinal tract. Even with 
the more efficient plain gelatin capsules the 
blood concentration was low compared with 
intravenous administration, and the amount 
excreted in the urine averaged only 5.0 per 
cent of the amount administered orally. The 
addition of ascorbic acid had no significant 


influence on urinary excretion. In no instance 
did oral administration of the diuretic result in 
a urinary excretion of mercury equivalent in 
amount to that following a therapeutic paren- 
teral dose, even though the drug was admin’s- 
tered orally in toxic doses to several subjec s. 

In one subject with chronic glomeruloneph :i- 
tis prolonged retention of mercury was demon- 
strated, indicating the possibility of toxic ty 
from repeated doses in patients with this cis- 
ease. 

The observations of poor absorption, | iy 
blood concentration, and low urinary excret on 
of mercury following oral administration of 
this mercurial diuretic precludes its geneval 
use in the treatment of chronic congestive heart 
failure. 
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Experience with Thiomerin, A New Mercurial Diuretic 


By Harowip J. Srewart, M.D., Hersert I. McCoy, M.D., Epwarp M. Sueparp, M.D., 
AND EF. Hueu Luckey, M.D. 


Thiomerin, a new mercurial diuretic, was given subcutaneously to 109 patients in whom fluid ac- 
cumulations were present. Most patients suffered from congestive heart failure. It was used first 
under close supervision in hospitalized patients and later in ambulatory patients. In certain pa- 
tients it was possible to compare the diuretic response to Thiomerin given subcutaneously with 
that to Mercuzanthin and/or Mereuhydrin given intramuscularly or intravenously. The untoward 
effects of these mercurial diuretics were compared with those caused by Thiomerin. The advantages 


of a subeutaneous mercurial diuretic are pointed out. 


INCE the introduction of Salvyrgan by 

Bernheim! in 1924, a continued search has 

been made for potent, more easily ad- 
ministered, less toxic mercurial diuretics Salyr- 
gan and Novasurol could be given only intra- 
venously because of local tissue damage if any 
escaped from the vein. It was later observed 
that the inclusion of theophylline in the solu- 
tion to be injected not only enhanced the di- 
uretic effect of the mercurial radical, but also 
markedly diminished the deleterious tissue re- 
action which occurred if any of the drug es- 
caped into the subcutaneous tissues. As a result, 
certain preparations incorporating this princi- 
ple were made. It was found that these drugs 
could be given intramuscularly without tissue 
damage. 

In the continued search for less toxic drugs 
in this category of diuretics, a new mercurial 
diuretic, Thiomerin, was recently introduced. 
It was found by early tests that it was an effec- 
tive diuretic when given intravenously and 
intramuscularly, but, more important, that it 
could be given subcutaneously without local 
tissue damage and with satisfactory diuresis. 
Thiomerin differs from the mercurial diuretics 
which preceded it in that it is a mereaptide. 
Moreover it is not combined with a xanthine 
drug as are both Mercuzanthin* and Mercu- 
hydrin.7 It is the disodium salt of N-(gamma- 
‘carboxymethylmercaptomercuri - beta - meth- 


From the Department of Medicine, New York 
Hospital and Cornell University Medical College, New 
York, N. Y. 

* Campbell Products Inc., New York, N. Y. 

+ Lakeside Laboratories, Cleveland, Ohio. 


Oxy)-propyl camphoramic acid and has the 
following structure: 
C(CHs)2C(COONa) (CHs) CH2 CH» CHCON HCH: C iI 
(OCH;)CH2HgSCH:-COONa. 

Dissolved at a pH of 7.5, it contains approxi- 
mately 0.039 Gm. of mercury per cubic centi- 
meter, as do Mercuzanthin and Mercuhydrin. 

Lehman,? in a comparative study of the 
cardiac toxicity of the mercurial diuretics, 
found that the intravenous administration of 
Thiomerin to anesthetized cats caused no im- 
mediate changes in the electrocardiogram in 
doses up to 160 times the maximal tolerated 
dose of Mereuhydrin and up to 225 times that 
otf Mereuzanthin. Taube, Lehman and _ Ixing* 
found that the intramuscular injections in rats 
of each of the three drugs, Thiomerin, Mercu- 
hydrin and Mercuzanthin, caused an_ initial 
inflammatory reaction and exudate. Micro- 
scopic changes thought to be irreversible wer 
present 96 hours following the injection of both 
Mercuhydrin and Mercuzanthin, but the exu- 
date was completely reabsorbed in those ani- 
mals receiving Thiomerin. 

Grossman, Weston, Edelman and _ Leiter,’ 
in a preliminary report of the results of adminis- 
tration of approximately 200 subcutaneous in- 
jections of Thiomerin, found the diuretic effect 
to be similar to that following Mercuzanthin 
and Mercuhydrin. Herrmann, Chriss, Hej'- 
mancik and Sims? present evidence that Thio- 
merin has the following advantages over the 
older organic mercurial diuretics: it is less toxic; 
it can be given subcutaneously and has a more 
even diuretic action. Recently Batterman, Un- 
terman and DeGraff® have reported observa- 
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tions on the use of Thiomerin which also indi- 
‘ati that it is an effective diuretic agent. 

‘The effects of Thiomerin* have been ob- 
served on the pavilions and in the out-patient 
Cariae Clinie of the New York Hospital in 109 
patients during the last fourteen months. 


MeEtTHODS 


Patients who were selected for this study had 
evidence of accumulation of excess fluid in the 
tissues. Most of the patients were suffering from 
congestive heart failure. Fifty-two patients were 
treated in the pavilions of the New York Hospital. 
Most of them were at rest in bed. The salt in the 
food was limited to 1.0 to 3.0 Gm. daily. Fluid intake 
was restricted in certain patients to 1000 to 1800 ce. 
daily and in others it was not limited. Whenever 
possible the patient was weighed daily and the 
twenty-four-hour fluid intake and urine output were 
recorded. Thiomerin was substituted for Mercuzan- 
thin or Mereuhydrin in patients who had been 
receiving these drugs in order to form the basis for 
comparisons. In others, Thiomerin was used as the 
initial diuretic and an oceasional injection of Mer- 
cuzanthin or Mereuhydrin was given to observe 
their effects by way of comparison. The dosage of 
Thiomerin varied from 0.25 ec. to 2.0 ce. The 
amount and frequeney of administration 
governed by the patient’s requirements. 

The drug was given subcutaneously in nonedema- 
tous areas to all patients but two. To one of these 
it was given intravenously because of the appearance 
of moderately tender local nodules at the site of the 
subcutaneous injections. To the other one it was 
given intravenously because of extreme emaciation. 
One patient was taught to give herself the injections 
subcutaneously. This practice has continued sat- 
isfactorily to the present. 

Fifty-seven ambulatory patients were treated in 
the Cardiae Out-Patient Clinie of the New York 
Hospital. The regimen was similar to that followed 
for the pavilion patients except that measurement 
of the daily urinary output was not recorded. Weight 
records were kept, however. 


were 


OBSERVATIONS 


Thiomerin was given to 109 patients, 52 
being pavilion and 57 ambulatory patients. 
Twelve of the pavilion patients also received 
the drug in the Cardiae Clinic. Five of the 57 
ambilatory patients are not included in the 
stati-tical analysis as they received single in- 
jections and follow-up data were not available. 


hiomerin was supplied by Campbell Products 
Inc.. New York, N. Y. 


There were no immediate untoward reactions 
following these single injections. Fifty-seven of 
the patients were males and 47 females. The 
ages ranged from 14 to 86 years. 

Ninety-four patients presented evidence of 
congestive failure. The etiology of the heart 
disease was rheumatic fever in 26, arterioscle- 
rosis in 26, hypertension in 12, both arterio- 
sclerosis and hypertension in 21, constrictive 
pericarditis (postoperative) in 5, syphilis in 3, 
pulmonary fibrosis in one and a congenital 
anomaly in one. Nine other patients were 
treated because of evidence of excess fluid in 
the tissues. In 5 of these the diagnosis was 
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FREQUENCY OF INJECTIONS 
Fic. 1.—Number of patients who received Thiomerin 
plotted against the time intervals at which the drug 
was given. 


cirrhosis of the liver, in 2 hepatitis, and in 2 
‘arcinomatosis. 

A total of 1,021 injections was given to the 
104 patients. Thé dosage of 1.0 cc. was used in 
366 injections and 2.0 cc. in 649. In the other 
six injections, intermediate amounts were 
given. The initial dose was usually 1.0 ce. 
Smaller doses than this were given when sensi- 
tivity to mercury was suspected. In one patient, 
1.0 ce. proved to be too large and 0.5 ee. was 
given subsequently. 

The frequency of injections is recorded on 
figure 1. Most patients received injections on a 
bi-weekly or weekly schedule. In 9 patients, 
daily injections were given, although this is not 
usually recommended. On the daily schedule, 
however, few received more than six injections. 
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One individual was given 2.0 cc. of the drug 
daily for sixteen days, without experiencing un- 
toward effects. Excellent diuresis resulted in a 
weight loss of 9.0 Kg. The largest number of 
patients received from six to ten Thiomerin 
injections; 5 received more than thirty-one, 
and 2 more than fifty. 

The diuretic effect of Thiomerin in a 78 year 
old man suffering from congestive failure is 
shown in figure 2. Dyspnea, orthopnea, pul- 
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monary edema and massive anasarca were pres- 
ent. He was digitalized on admission and placed 
on a 3.0 Gm. salt diet. Nine injections of 
Thiomerin were given over a twenty-one-day 
period. Excellent diuresis resulted in a weight 
loss of 16.0 Kg. Because of the patient’s diffi- 
culty in voiding, an indwelling catheter was 
maintained in place during the period of these 
observations. The collection and measurement 
of urinary output were therefore accurate. 
The diuretic effect of Thiomerin was com- 
pared with that of Mercuzanthin in similar 
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Fic. 2.—Diuretic effect of thiomerin in patient T. N., suffering from congestive heart failure. 


dosages in 54 patients and with that of Merey. 
hydrin in 22, regarding loss in weight or diuresis 
or both. In 5 patients the latter was possible. 
One significant difference between Thiomeriy 
and the other two drugs was observed in (37 of 
these patients. Thiomerin resulted in a more 
even and more prolonged diuresis, which usuv- 
ally began twelve to eighteen hours afte» the 
injection and might continue for forty-cight 
hours. In 11 patients, Thiomerin was superior 
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to either of the older mercurials. Five of these 
patients had received Mercuhydrin before 
Thiomerin was given, 5 Mercuzanthin and one 
had been given both drugs. Its superiority was 
manifested by more marked diuresis with 
greater loss of weight and by subsequent clini- 
‘al improvement. As a result, Thiomerin could 
be given to these patients either less frequently 
or in smaller amounts than had been possible 
with the other mercurial drugs. 

Thiomerin was substituted for Mereuzant hin 
and Mercuhydrin in 3 patients because of scnsi- 
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tivity reactions to these drugs. In one of these 
3 patients a rash and fever followed on each 
occ:ision that Mercuhydrin was given. Mercu- 
zan' hin in 2.0 ec. amounts given intravenously 
had become relatively ineffectual. The patient 
suficred from severe congestive failure and mas- 
sive anasarea Was present. One cubic centimeter 
of ‘hiomerin was given subcutaneously on six 
occasions over a seven-day period. Diuresis 
was marked, resulting in a weight loss of 9.9 
Kg. ive more injections over a ten-day period 
resulted in a further loss of 6.6 Kg. in weight 
with dramatie clinical improvement. Untoward 
reactions to Thiomerin have not appeared in 
this patient. Since then, she has received more 
than fifty injections in the Cardiae Clinic. The 
second patient developed an urticarial reaction 
to Mercuhydrin and the third, the same type 
of reaction to Mereuzanthin. Thiomerin has 
heen effective as a diuretic in both of these 
vatients without sensitivity reaction. 

The diuretic effect of Thiomerin did not seem 
inferior to the effects of the other mercurial 
drug to which it was compared in any patient. 
In 22 patients an opportunity for comparison 
with the other mercurial drugs was not possible 
as only:a few injections of Thiomerin were re- 
quired to effect adequate diuresis, after which 
diuretics were no longer required. 

Two patients received the drug intravenously 
subsequent to its use by the subcutaneous 
route. In them the total diuretic effect was ap 
proximately the same as by the subcutaneous 
route, although the onset of diuresis was more 
rapid and its duration less prolonged. 

An estimate of the effect of Thiomerin on the 
body weight was possible in 89 patients. Loss 
of weight occurred in 47. The weight remained 
stable in 41 subjects. Only one patient in the 
whole series gained weight due to fluid accumu- 
lation while receiving Thiomerin in adequate 
dosage and frequency. This subject was a 44 
year old aleoholie suffering from cirrhosis of the 
liver, Ascites was increasing. No better effect 
resulted from Mereuhydrin than from Thio- 
merin in similar amounts. 

Eighty-six patients were on maintenance 
amounts of digitalis; 26 were also receiving 
ammonium chloride. In 7 patients when am- 
moni'im chloride was discontinued temporarily, 


slight but definite decreases in diuresis and 
gains in weight were recorded. 


Reactions to Thiomerin 


Temporary local pain or tenderness was the 
most common complaint. It occurred occasion- 
ally in 42 patients. The discomfort usually 
lasted from one minute to one hour and was 
described as varying from mild to moderate 
in intensity. In rare instances it was described 
as having a burning quality. Discomfort was 
accompanied in 4 patients by local eechymosis 
which subsequently cleared entirely and did 
not prevent the continued use of the drug. In 
6 other patients, moderately tender nodules 
appeared occasionally at the sites of injection. 
These were slowly reabsorbed over a seven- to 
ten-day period. In one patient they appeared 
more frequently and were more persistent. For 
this reason the drug was subsequently given by 
the intravenous route without untoward reac- 
tion. These reactions have not occurred with 
later batches of the drug. 

Cramps in the calves of the legs were 
recorded in 3 patients when the diuresis was 
perhaps too large and too rapid. When either 
the dose of the drug or the frequency of injec- 
tions was reduced these symptoms did not 
occur. 

A superficial slough occurred in the skin in 
one patient. This untoward result followed the 
ninth injection the patient had received. It 
was given superficially and quite likely, in part, 
intradermally. The use of the drug was sub- 
sequently continued in this patient, with pre- 
‘autions taken for subcutaneous administra- 
tion, and the area of superficial slough healed 
without further untoward reactions. This reac- 
tion was attributed to the drug being given too 
superficially. 

Reactions were not observed in 58 patients. 


Discussion 


Our observations indicate that Thiomerin is 
aseffectivea diuretic agent as Mercuzanthin and 
Mercuhydrin. In a small number of patients in 
whom comparison was possible it appeared to 
be more effective than the latter two drugs so 
that smaller doses and less frequent injections 
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could be given. In no instance was it found to 
be inferior. 

In addition, it has a major advantage over 
these two drugs in that it can be given sub- 
cutaneously. Thus, as experience with the drug 
accumulates, patients may be taught to ad- 
minister this drug to themselves, just as they 
do with insulin. One patient of this group and 
two others not included because of incomplete 
data have been injecting the drug subcutane- 
ously to themselves safely. A study is being 
set up with the idea of exploring the possibility 
of patients administering the drug themselves, 

With few exceptions, patients, who have been 
receiving mercurial diuretics intramuscularly 
or intravenously, expressed preference for the 
subcutaneous route. In some patients much 
persuasion was required before they would sub- 
mit to intermittent injections of the older mer- 
eurial drugs in order to obtain comparative 
observations. 

Another advantage appreciated by most 
patients was the more even and _ persistent 
diuretic effect, sometimes lasting for several 
days. Many of the patients attending the after- 
noon Cardiae Clinie had become accustomed to 
little sleep on the night following injections be- 
cause of profuse diuresis. When Thiomerin was 
substituted, certain patients remarked that less 
sleep was lost. With the use of this drug, also, 
complaints of cramps in the calves of the legs 
have become rare. 

For the patient who was sensitive to Mercu- 
hydrin and relatively refractory to Mercu- 
zanthin, Thiomerin appeared to be life-saving. 
Diuresis resulted in a weight loss of 16.5 Kg. 
over a seventeen-day period. In 2 other patients 
who developed urticaria following the other 
mercurial diuretics, sensitivity to Thiomerin 
did not occur. Ammonium chloride appeared to 
enhance the action of Thiomerin. 

There were no serious immediate or delayed 
toxic reactions to Thiomerin. Pain, palpitation, 
collapse, dyspnea, cardiac arrhythmias and evi- 
dences of renal damage were not observed. To 
one patient, injections of 2.0 cc. amounts of 
the drug were administered on sixteen con- 
secutive days without toxic manifestations. 
This method of administration is, however, not 
recommended because of the danger of a cumu- 


lative effect of mercury and the untoward 
effects of extreme dehydration. 

There is one drawback which the manufac- 
turers are improving with each new batch o} 
the drug. It cannot be made up in solutio: 
before distribution by the manutacturer bx 
cause it is unstable. The latest batches whic! 
have been supplied to us may be kept withou: 
deterioration up to four to six weeks after beiny 
dissolved, provided they are kept in an icebox. 

The results in these patients lead us to con 
clude that Thiomerin is a valuable contribution 
to the list of mercurial diuretic drugs. It ay 
pears to be as effective as the older ones and 
has the advantage that it can be given subeu- 
taneously. Moreover, from animal experiments, 
it appears less toxic than these, but care mus! 
be exercised that it is given subcutaneously 
and not in the skin. At the present time it 
appears to be the diuretic of first choice.* 


SUMMARY 


Thiomerin is a new mercurial diuretic which 
may be given subcutaneously as well as intra- 
muscularly and intravenously. One hundred 
and nine patients with evidence of excess fluid 
in the tissues, most of them suffering from con- 
gestive heart failure, were given a total of 1,021 
injections of the drug. From this experience we 
feel the drug is an effective diuretic agent. The 
local discomfort from the injection when it 
is given subcutaneously is minimal. In a few 
patients a subcutaneous nodule appeared at 
the site of injection in early preparations of the 
drug, but this reaction has not followed the 
later preparations of the diuretic. Care must be 
exercised that the drug is given subcutaneously 
and not intradermally. 

Thiomerin was compared to Mercuzanthin o1 
Mercuhydrin or both in 84 patients. In 67 of 
this group the total diuretic effect was similar 
in all three drugs. A more prolonged and more 
even diuresis, however, followed the use o! 
Thiomerin. In 11 patients the total diuretic 
effect of Thiomerin was superior to these anc 


* Since this paper was accepted for publication, 2,31 
additional subcutaneous injections of Thiomerin hav: 
been given over an eight month period. This furth: 
experience has incressed our confidence in this drug : 
a diuretic agent. 
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the dose and frequeney of injections could 
therefore be decreased. In 3 patients it was 
substituted because of sensitivity to Mercu- 
giuthin or Mercuhydrin and was _ tolerated 
without sensitivity reaction. No serious toxic 
eficets occurred, Thiomerin appears to us to be 
the drug of first choice at the present time for 
most patients requiring mercurial diuretics. 
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Studies on Thiomerin—A Subcutaneously Administerable 
Mercurial Diuretic 


By J. Grossman, M.D., R. E. Weston, M.D., Pu.D., I. S. Epe~MAN, M.D., AND 
L. Lerrer, M.D., Px.D. 


Results of clinical and physiologic studies with Thiomerin, a new subcutaneously administered 
mercurial diuretic, are presented. The data indicate a clinical diuretic efficacy comparable to that 
of other mercurials and a negligible systemic toxicity. Renal clearance studies demonstrate that it 
acts by producing a reversible depression in tubular reabsorption of electrolyte and water. The 
effects of intravenous and subcutaneous administration are compared. 


HE ROLE of organic mercurial diuretics 
in treatment of the edema of congestive 
heart failure and other conditions in- 
volving fluid retention is well established. How- 
ever, because toxic manifestations, including 
fatalities, occur at times after the administra- 
tion of these compounds,!~ less toxic mercurial 
diuretics have been sought. Lehman‘ found 
Thiomerin, the disodium salt of N-(y-carboxy- 
methylmercaptomercuri - 8 - methoxy) - propyl 
camphoramic acid, markedly less toxic than 
other organic mercurial diuretics, as measured 
by the intravenous dose required to produce 
electrocardiographic changes in cats. Subse- 
quently, he observed that Thiomerin could be 
injected subcutaneously in animals without 
causing local tissue damage or evidence of 
pain.® Clinical trial of this potential, subcutane- 
ously administerable diuretic was suggested, 
first, because Thiomerin is chemically identical 
with Mercuzanthin (sodium salt of 8-methoxy- 
y-hydroxymercuripropylamide of cyclopen- 
tane dicarboxylic acid theophylline) except for 
the substitution of a monothiol for the theo- 
phylline; and, second, because monothiols, un- 
like dithiols which inhibit diuresis, have been 
demonstrated to reduce the cardiotoxic effects 
of organic mercurials without affecting diuretic 
action.® 
MATERIAL AND METHODS 
The subjects were 21 hospitalized patients and 
12 outpatients, most of whom were in well estab- 
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lished chronic congestive cardiac failure of varying 
etiologies. Of these, the etiology was rheumstic 
fever in 11, hypertension in 7, coronary arterio- 
sclerosis in 11, combined congenital anomaly «nd 
hypertension in one, and cor pulmonale in one 
patient. Two patients had localized edema; in one 
due to immobilization and in the other to an un- 
known cause. Despite the relatively advanced stite 
of their illnesses, marked peripheral edema was un- 
common, owing largely to a well controlled, low- 
sodium intake of less than 800 mg. daily.7 Under 
this dietary regimen, the need for mercurial diuretics 
fell sharply. 

In general, therapy other than mercurial diuretics 
was not influenced by our study. Digitalis and 
quinidine were given as indicated; ambulation was 
encouraged when the patient’s condition permitted 
it. Ammonium chloride was not given since chlorure- 
sis was utilized as a measure of response. To limit 
the number of variables, adjuvant therapy such as 
aminophylline was avoided. Mercurials were ad- 
ministered in terms of the patients’ needs and by 
the following routes: Thiomerin generally subcuta- 
neously, Mercuzanthin intravenously, and Mercu- 
hydrin (methoxyoximercuripropylsuccinyl urea) in- 
tramuscularly. The dosage of any mercurial never 
exceeded 2 ce., which is equivalent to 80.0 mg. of 
mercury; occasionally smaller amounts were used. 
More than three hundred injections have been 
given. 

In the hospital, diuresis was followed by measur- 
ing the volume and chloride concentration of daily 
twenty-four hour urines. Daily urinary excretion of 
creatinine was not determined. However, the fairly 
constant daily chloride excretion on a fixed, low-salt 
intake indicates the accuracy of the urine collection. 
Patients were weighed daily on the same scale st 
about the same time of the morning. Because meas- 
urement of fluid intake is frequently unreliable on 
general hospital wards, these data are not reporte'. 
Patients from whom accurate collections could not 
be obtained were eliminated from the study. 

Outpatients were instructed to return for 1e- 
weighing at the same hour the day following «2 
injection of a mercurial. Where this was not feasibie, 
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the patients were asked to weigh themselves on the 
sam scale, at or near their homes on the day of, 
and the day after, the injection, wearing the same 
amo int of clothing. In a few instances, these pa- 
tien’. measured and reported their own twenty-four 
hou: urine output. 

I. a smaller series of normal subjects and patients 
in c ngestive failure, the early effects of Thiomerin 
and \lereuzanthin on the renal clearances of manni- 
tol, »ara-amino hippurate, sodium, chloride, and at 
time, urie acid were studied by the usual constant 
infus on technic of Smith and his associates as out- 
lined by Goldring and Chasis.* Blood samples were 
colle ted by means of an indwelling needle placed in 
the iemoral artery under local (Metycaine) anes- 
thesi:. Urine was collected through a multiholed, 
soft, rubber catheter, the bladder being washed out 
at the end of each clearance period by the injection 
of sterile, distilled water followed by air. Collection 
periods varied with urine flow, and usually were of 
ten to twenty minutes’ duration. 

The chemical analyses of the urine and serum or 
plasma were performed using the following methods: 
sodium, by the gravimetric method of Butler and 
Tuthill’; chloride, by Van Slyke’s modification of 
Sendroy’s iodometric technic'®; urie acid, by the 
method of Kern and Stransky"; and mannitol and 
para-amino hippurate by the usual methods of 
Smith and co-workers,': 3 after appropriate dilution 
of urine to ensure a mannitol U/P ratio of approxi- 
mately one in the samples analyzed. 

The clearance tests were performed on all patients 
in bed in the morning at least fourteen hours after 
the previous meal. Following the completion of 
three or more control periods, a 2 ec. dose of Mer- 
cuzanthin intravenously, or Thiomerin, intrave- 
nously or subcutaneously, was administered; the 
urine was then collected during consecutive clearance 
periods for two hours or until maximal diuretic re- 
sponse had been achieved. 

In 3 patients, the effects of Thiomerin adminis- 
tered subcutaneously and intravenously on separate 
occasions were compared. The two procedures were 
performed at about weekly intervals to enable each 
patient to recover fully from water and salt deple- 
tion, 


RESULTS 


Table 1 presents data on the twenty-four 
hour urinary volume and chloride output of 
representative patients in congestive failure 
duriig control periods and after the adminis- 
tration of Thiomerin subcutaneously and other 
mer-urials intravenously or intramuscularly. 
Inr.iost patients, the twenty-four hour urinary 
volime after subcutaneous injection of Thio- 
mein increased 1,000 to 1,500 cc. above con- 
tro levels. At the same time, there was an ap- 


proximately tenfold increase in chloride ex- 
cretion which, in these patients on low-salt in- 
take, averaged 0.2 to 0.3 grams (5.6 to 8.5 
meq.) per twenty-four hours, during control 
periods. However, the responses in individual 
patients varied. Thus, in Patient M. I., whose 
daily urine volume and chloride output rarely 
exceeded 1,000 cc. and 0.3 grams, respectively, 
urine volume increased to 4,000 ec. with an 
associated chloride excretion of 12 to 15 grams. 
On the other hand, in Patient I. K., whose re- 
sponse to mercurials was reduced, increased 
chloride excretion occurred despite little or no 
increase in urinary volume. 

Of special significance is the comparison be- 
tween the effects of Thiomerin and other mer- 
curials in the same patient at approximately 
the same weight. The data indicate that the 
diuretic effect of Thiomerin is not significantly 
different from that of other mercurials, includ- 
ing failure of response in some patients (for 
example, Patient A. B., table 2). 

The effects on water and chloride excretion 
following the intravenous administration of 
Thiomerin to several noncardiac subjects are 
represented graphically in figure 1. For pur- 
poses of comparison, the response of a non- 
cardiac patient to Mercuzanthin under similar 
conditions is included. On intravenous injec- 
tion of Mercuzanthin there is a transient rise 
in water and electrolyte excretion which is 
probably due to the effect of the theophylline 
in the Mercuzanthin on both cardiac output 
and, consequently, glomerular filtration rate 
and renal plasma flow. Following this brief 
period these renal functions return to control 
levels; the parallel course and close proximity 
of this line to the thickened line in figure 1, 
representing the mean of the responses to Thio- 
merin, is evident. 

Figure 2 illustrates the typical effects of 
intravenous Thiomerin on renal hemodynamics, 
water, sodium and chloride excretion, and uric 
acid clearance in a noncardiac patient. The 
sequence of events is as follows: during the 
first thirty to forty minutes after injection, no 
diuretic response is evident. Then, urine out- 
put and sodium and chloride excretion increase 
rapidly, reach a maximum at sixty to seventy 
minutes, and gradually decrease thereafter. As 
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TABLE I. 


Patient 


S..M. AsHD; H HD; Renal Arte- 


riosclerosis 


L.KK., M. RHD; Ascites 


S.K., M. AsHD Anginal Syndrome 


. ASHD 


M.1., M. Cong. HD H HD 


J.K., M. RHD Ascites 


H.D., F. RAD HHD? 


H.R., M.AsHD Renal Arteriosclero- 


S1S 


Th, Thiomerin, subcutaneous. 


MH, Mereuhydrin, intramuscular. Dosage 2 cc. 


MZ, Merecuzanthin, intravenous. 


Effect of Mercurial Diuretics on Urine Volume 
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Urine Volume 


cc./24 hrs. 


1000-1500 
1290 
2010 
2470 
2090 
100-800 
910 
640 
890 
1000 
840 
1010 
870 
1030 
500-890 
1780 
960 
1680 
1280 
1850 
1500 
1770 
1870 
700-800 
ISO9 
1300 
1599 
999 
600-1000 
1780 
3909 
4450 
3870 
3750 
3940 
4399 
800-1290 
1359 
1280 
690-900 


1380 
1959 
800-1100 
1710 
L000 
2100 
3000-3500 
1810 
4920 
4340 
3270 
5060 
4490 
4250 
1300-1709 
1780 
2615 
1230 
2750 
1840 
2740 


tT, indicates 1 ec. dose 


Chloride 
Excretion 


crams/24 hrs. 
0.3-0.5 
.38 
8 
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0.98 
3.39 
0.57 
1-0.: 
4.0 

2.2 
5 


INnos—MEt 


3.2 
2 


0.05-0.07 


1.39 
0.5 
0.1-0.2 
8.02 
1.62 
1.99 
0.3-0.4 
2.00 
2.84 
2.22 
2.03 
3.40 
1.33 
2.48 
().2-0.4 
Ls 
1.93 
1.38 
+.54 
3.38 
2.45 


, indicates intravenous injection. 


, Chloride Excretion and Weight 
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, rule the changes in water and electrolyte ex- 
cretion oecur simultaneously. When electrolyte 
output exceeds one-tenth of a milliequivalent 
per minute, the excretions of sodium and chlo- 
ride end to rise and fall to an equal degree so 


that ‘he two curves of excretion virtually coin- 
cide. Generally, no significant change in glo- 
meru.ar filtration rate or renal plasma flow occurs 
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In table 2 are summarized the data on renal 
hemodynamics and water and electrolyte ex- 
cretion before mercurial administration and 
during the period of maximal diuretic effect. 
Generally, maximal increase in electrolyte and 
water output occurred together, but in 3 cases, 
maximal water diuresis occurred earlier. 

The close correspondence between sodium 


Tasty 2.- Effect of Mercurial Diuretics on Renal Hemodynamics and Water, Sodium, and Chloride Excretion 





G. F.R. R. P. F. Urine Volume | UVNa UVc| 
Patient Mercurial Time | 
Control Hg ~~ Hg | Control Hg Control | Hg | Control Hg 
Non-Cardiaces 
minutes cc./min./i.73 M? cc./min. | meq./min. meq./min. 
B.P., F. Age 39, | Th iv 67 97.7 99.0 390 397 5.13 | 13.7 | 0.290 | 1.540 | 0.287 | 1.652 
Anorexia nervosa Th iv 70 68.7 68.7 1.97 | 10:7 .231 | 1.690 | .240 | 1.665 
Y.R.. F. Age 23,| Th iv 63 124 91.0 35-6638 2.00| V8.1 -207 | 1.277 | .241 | 1.423 
Coaretation Aorta 
L.V., F. Age 26| Th sq 122 111 115 O88 643 3.70 | 10.1 -149 | 1.408 3 | 1.473 
Granuloma C.N.S. Th iv 70 112 109 718 | 615 8.0 21.9 | .214 | 2.560 .243 | 2.670 
Ts... F. Age 52) Th sq 117 74.2 78.3 395 | 388 6.10 | 13.0 | .226 | 1.726 | .245 | 1.735 
Herniated Dise. Th iv SS 83.4 75.8 | 435 | 368 5.0 10.0 | .2¢1 | 1.822 | .284 | 1.360 
DS., F. Age 56] Th iv 132 87.0 64.6 446 362 8.60 8.20 | ae .oo0 | 1.208 
Chorea deg. Th sq 167 $4.2 69.0 447 |) 350 6.52 9.03 | — | 2 .926 
AW., M. Age 45 MZ iv 67 97.0 73.0 | 468 628 4.46 | 10.3 | .453 | 1.293 
Cerebellar Disease | 
Cardiaes 
AB... F. Age 2+) Th iv 161 53.5 56.3 94 107 0.80 2.40) .OO1.) 0:21 | -003 .062 
Rheumatie H.D., 
CALF. 
GR. F. Age 48 | M4 iv 172 63.6 63.8 | 180 | 181 4.50 | 10.6 -002 abe -008 .402 
R.H.D. | 


Th. Thiomerin. 2 ce. 
MZ, Mereuzanthin. 


G.F.R., Glomerular filtration rate, as determined by mannitol clearance. , 
R.P.F., Renal plasma flow, as determined by para-amino hippurate clearance. 
UVs,. c:, Urinary excretion of sodium and chloride respectively. 

Time, Interval between injection of mercurial and maximal effect. 


luring the two to three hour period of ob- 
servation following Thiomerin administration.* 


1; some patients, toward the end of the pro- 
‘eduros, there were small but significant falls in both 
mannitol and para-amino hippurate clearances pos- 
sibly secondary to salt and water depletion due to 
the mercurial action. However, the decreased para- 
amin hippurate clearance observed may be due not 
{ real decrease in renal plasma flow, but to a 


deer ased extraction of para-amino hippurate which 


we live found, by renal vein catheterization, to occur 
utc) the administration of Thiomerir.'' 


and chloride excretion in these experiments is 
striking. In the noneardiac patients the time of 
maximal response on intravenous injection was 
fairly constant and occurred earlier than in the 
patients with congestive failure. 

In table 2 are included the data on the three 
subjects (L. V., T. S., D. S.) in whom the sub- 
cutaneous and intravenous effects of Thio- 
merin were compared. The responses of one of 
these patients are illustrated in greater detail 


in figure 3. The chief difference between the 











512 STUDIES ON THIOMERIN 


20, 


15 


URINE VOLUME CC/MIN. 


10 


os 


0.6 


CHLORIDE MEQ./MIN 


02 


MERCURIAL 
NJECTED 


— 


= i, Sees 
96 72 48 24 -0+¢ 


MINUTES 





MERCUZANTHIN 


AVER. THIOMERIN RESPONSE 
THIOMERIN 


ar ee ee a ee ee a ee 
48 72 96 120 144 168 192 


Fic. 1.—Effect of Thiomerin on water and chloride excretion in several noncardiac patients. 
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Fic. 2.—Effect of intravenous injection of Thi- 
omerin on renal hemodynamics, water, sodium and 
chloride excretion, and uric acid clearance in a non- 
-ardiac subject. 
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Fic. 3.—Relative effects of subcutaneous © nd 
intravenous injections of Thiomerin on water «nd 
chloride excretion in a noncardiac subject 
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effets of the two routes of administration is 
the occurrence of diuresis thirty to fifty minutes 
‘y on intravenous administration. In this 
nt there also seems to be a more abrupt, 
what greater, but less sustained rise of 
sis on intravenous administration than on 
itaneous injection. In the other 2 patients, 
ver, there was little difference in the height 
of maximal response between the two routes of 
administration (table 2). 

Urie acid excretion was measured in 8 pa- 
tients prior to and following administration of 
Thiomerin and Mercuzanthin. The results are 
summarized in table 3. In figure 2, the changes 
in uric acid clearance in a noncardiac patient 
following intravenous Thiomerin are plotted 


ear! 
pati: 
som: 
diu 
subs 
how: 


TABLE 3.—Effect of Mercurial Diuretics on Uric Acid Clearance in Non-cardiac Subjects 


GF. R: 
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Control | Hg | Control | Hg 


Patient Mercurial | Time 
minules 
L.V., F. Age 26, Granuloma,; Th sq | 46 | 111 
C.NS. Th iv 15 112 
B.P., F. Age 39, Anorexia nervosa Th iv 20 97.7 
T.S., Fk. Age 52 Herniated Dise Th iv 9 83.4 
H.B., M. Age 57 Neoplasm Th iv 8 98.3 
B.L., M. Age 26 Fracture Th iv 15 63.2 
MZ iv 60 Ste 
D.N., M. Age 26 Functional G.I. | MZ iv 76 89.1 
Disease 
k.K., F. Age 60 Bronchiectasis | MZ iv 32 103 
F.R., M. Age 64 Neoplasm Th iv 20 55.5 


*. Performed during glucose Ty determination. 
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tion. Similarly, the examination of the urine of 
several patients who had had repeated injec- 
tions of Thiomerin revealed no changes from 
the pretreatment findings, although certain 
thiols or their mercury complexes have been 
said to produce hematuria.!® Apparently, a 
therapeutic dose, given twice weekly for four 
to six weeks, does not produce clinically demon- 
strable renal damage. 

Subcutaneous injections of Thiomerin pro- 
duce no more pain than does any subcutaneous 
aqueous injection. In more than 300 injections, 
no systemic reactions of any severity occurred. 
Two severe local reactions were encountered. 
The first followed the injection of 2 ec. of Thio- 


R. P. F. Urine Volume Uric Acid Clearance 


Control | Hg Control Hg 


cc./min./1.73 M2 cc./min. cc./min. 
97.3 688 563 3.70 | 2.85 17.9 | 41.8 
101 718 522 5.20 | 2.03 17.6 | 75.2 
98.5 390 373 5.13 7.78 | 20.3 | 65.2 
83.8 | 435 348 5.0 5.94 14.3 | 30.6 
99.3 = 15.0 12.8 37.9 | 63.0* 
62.4 18.3 19.5 15.2 | 44.7* 
67.7 283 = 5.23 | 13.7 8.7 | 19.3f 
93.5 690 20.6 18.8 18.6 | 27.2* 
127 370 - 11.0 24.8 20.7 | 35.6* 
61.1 295 4344 9.84 23.8 | 57.0* 


+, Performed during para-amino hippurate Ty determination. 


with the other renal data. The data indicate a 
distinct rise and fall in urie acid excretion after 
both Thiomerin and Mercuzanthin adminis- 
tration. Since no rise in the glomerular filtra- 
tion rate or plasma concentration of uric acid 
occurs, the increase in uric acid clearance proba- 
bly is due to decreased tubular reabsorption. 
It is interesting that the maximal mercurial 
effet on urie acid excretion occurs long before 
thai on water and electrolyte excretion. This 
difi-rence may be due to greater sensitivity of 
the urie acid tubular transport mechanism to 
th: action of mercurials. 

n 4 patients, electrocardiograms recorded 
di.:ing the intravenous injection of Thiomerin 
revealed no changes attributable to the injec- 


merin into a dependent, grossly edematous area 
of the thigh, and consisted of pain, redness, . 
and ulceration. The effects were attributed to 
poor absorption of the injected material. The 
second occurred in a patient known to have a 
hemorrhagic diathesis, and consisted of a large 
area of ecchymosis which extended from the 
upper arm to the shoulder and elbow, with sub- 
sequent discoloration. It was accompanied by 
pain, induration and limitation of motion, but 
good diuresis. Both patients received Thio- 
merin subsequently without ill effect. The only 
other reactions observed were small subcuta- 
neous nodules at the site of injection in some 
patients who had had repeated injections. In 
all but two instances, these were painless. 
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DiIscussION 


The marked qualitative and quantitative 
similarities between the changes in renal ex- 
cretion of water, sodium, chloride, uric acid, 
mannitol, and para-amino hippurate after Thio- 
merin and Mercuzanthin injection suggest that 
the mechanism of action of the two mercurial 
diuretics is probably the same. Other studies,'® 
indicating that the action of Thiomerin and 
Mercuzanthin on the renal tubular excretion 
of ammonia, titratable acidity, and para-amino 
hippurate, and glucose and phosphate reab- 
sorption are similar, also support this conclu- 
sion. 

Changes in urinary excretion without changes 
in plasma concentration of the excreted sub- 
stances or in glomerular filtration rate must be 
secondary to altered tubular function. Thus, 
like other mercurials, Thiomerin is diuretic be- 
cause of reversible toxicity to the renal tubules 
but, unlike other mercurials, exerts no manifest 
local toxic action on subcutaneous injection. 
Moreover, in a relatively small series of pa- 
tients, none of the systemic reactions which 
are occasionally seen with other, usually intra- 
venously administered, mercurials have been 
observed. 

In the therapy of chronic congestive heart 
failure and other conditions in which there is 
gradual accumulation of fluid and salt, the ad- 
rantages of a subcutaneously, and therefore, 
sasily administered nontoxic mercurial diuretic 
are apparent. It is possible that repeated small 
doses of Thiomerin may produce a fairly con- 
tinuous, sustained augmentation of sodium and 
chloride excretion and permit a more liberal 
sodium intake. For those patients who must 
continue activity, “eat out,’ or who must or 
desire to remain economically independent, 
such dietary freedom is of inestimable value to 
morale. Investigations are in progress to de- 
termine how effectively increased daily sodium 
and chloride excretion can be maintained by 
frequent injections of Thiomerin to cardiac pa- 
tients on moderately restricted diets. Ob- 
viously, the lowest dosage required to avoid 
positive sodium and water balance should be 
administered. But the more general clinical 
application of such a regimen must await addi- 
tional data on the excretion rates of Thiomerin 


to avoid the harmful effects of mercury a¢- 
cumulation, particularly in patients with re- 
duced renal function. For example, Sollmaiin” 
mentions the potential danger inherent in nier- 
cury accumulation, wherein the sudden onset 
of bodily conditions favoring rapid reabsorp- 
tion may give rise to mercury poisoning. H »w- 
ever, there is evidence that the mercury of niost 
organic mercurial diuretics is almost) ¢om- 
pletely excreted in twenty-four hours. Stu:lies 
on mercury excretion, following single and iul- 
tiple injections of Thiomerin in man, are being 
conducted. 





Because of the current emphasis on renal 
factors in congestive heart failure, it should be 
stressed that the sodium and water retention of 
cardiac patients is secondary to a more funda- 
mental impairment in cardiac function. There- 
fore, therapy must be based on the accepted 
methods of improving myocardial function, such 
as digitalization and adjustment of activity to 
the physiologic capacity of the patient. At any 
stage of decompensation, mercurials are valua- 
ble for promoting loss of edema. However, as 
the patient’s cardiac status deteriorates and 
chronic congestive failure develops, these diu- 
retics and the low-salt diet become even more 
important. 

Ultimately, the marked reduction in cardiac 
output may result in very severely reduced 
renal circulation. In this late stage of congestive 
failure, the very low glomerular filtration rate 
may be responsible, in part, for the lack of 
effect of mercurial diuretics. Thus, unless car- 
diac output, and therefore glomerular filtra- 
tion, can be maintained, mercurials almost in- 
evitably become ineffective, not because the pa- 
tient develops any real “fastness”’ or acquired 
resistance to mercury, but because the tubular 
load of water and electrolyte is insufficient, 
after obligatory tubular reabsorption, to perm! 
adequate excretion.'’ Until this stage is reached, 
mercurial therapy, like salt restriction, can he!) 
give the patient a longer period of relative’) 
normal living and freedom from symptoms !- 
sulting from fluid retention. In short, althoug!) 
loss of edema and reduction of venous pressu! 
at times, may decrease the burden on the fai!- 
ing heart, the symptoms, not the disease itse'!, 
are treated. When an effective, more easilV 





al 
De 


dl- 


AC 
od 


ve 





GROSSMAN, WESTON, 


. Iministered and less toxic preparation such as 
‘Taiomerin becomes available, it should be 
aided to the clinician’s therapeutic arma- 


mentarium. 
CONCLUSIONS 

|. Thiomerin is a mercurial diuretic which 
ei be safely administered subcutaneously. 

>. The diuretic efficacy of subcutaneously in- 
jected Thiomerin is comparable to that of other 
mercurial diuretics administered * ravenously 
or intramuscularly. 

3. Studies on water, sodium, chloride, uric 
acid exeretion, and glomerular filtration rate 
and renal plasma flow indicate that Thiomerin, 
like other mercurials, acts by decreasing tubular 
activity. 

|. More extensive clinical study of the use of 
Thiomerin in relation to dietary salt intake in 
cardiac failure is indicated. 
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The Prolonged Use of an Oral Mercurial Diuretic in 
Ambulatory Patients with Congestive Heart Failure 


By Joseru B. VANDER VEER, M.D., THomMas W. Ciark, M.D. 
AND Davin 8. Marsna tt, IT, M.D. 


Tablets of an oral mercurial diuretic were utilized in the management of patients with severe con- 
gestive failure over a prolonged period of time. The need for parenteral mercurial diuretics was 
eliminated or greatly decreased by this therapy. The individual dosage was established by clinical 
trial. Minor toxic effects were encountered in several patients but in all instances it was possible to 
resume the therapy. Severe toxicity was not seen and there were no symptoms of salt depletion. 
Ease of administration, a more sustained diuresis, and good patient cooperation are advantages of 


this type of therapy. 


HE MOST effective diuretic agents 

which we have today, organic mercurial 

compounds, were introduced by German 
investigators in the early 1920’s. These com- 
pounds are effective in promoting diuresis in 
over 90 per cent of edematous patients when 
given intravenously or intramuscularly. In re- 
cent years they have been found to promote 
satisfactory diuresis when given orally.2 The 
diuretic effect of mild mercurous chloride (calo- 
mel) has been recognized for many decades 
and used for this purpose in Addison’s pill. 
Because its action was uncertain and because 
adequate dosage caused untoward effects such 
as diarrhea, stomatitis, albuminuria, and he- 
maturia, the drug was not wholly satisfactory. 

The first clinically valuable organic mer- 
curial compound, Novasurol, was introduced 
by Zeiler* in 1917 for the treatment of syphilis. 
Linking mercury with an organic compound 
reduced the undesirable effects of mercury while 
preserving its antitreponemal action. In this 
form, it was found possible to give the drug 
parenterally. The strong diuretic action of the 
compound was soon observed,‘ but was un- 
suitable for general use because of its unde- 
sirable effect on the kidneys.® In 1924, Bern- 
heim® introduced Salyrgan, a more powerful 

From The Department of Cardiovascular Diseases, 
Pennsylvania Hospital, Philadelphia, Penna. 

The oral mercurial diuretic, Mercuzanthin, used 
in these studies was supplied through the courtesy of 
Campbell Products, Inc., New York. Each tablet rep- 
resents the concentrate of 0.74 ec. Mercuzanthin solu- 
tion (brand of mercurophylline injection U. 8S. P.), 


equivalent to 0.030 Gm. mercury and 0.027 Gm. anhy- 
drous theophylline. 





and less toxic diuretic than Novasurol. Further 
research resulted in the preparation of another 
mercurial compound, Novurit or Mercupurin. 
It was introduced in 1928 by von Issekutz 
and von Veghn,’ who claimed the drug to be 
less toxic than Salyrgan. They found that by 
combining the xanthine, theophylline, with 
Salyrgan the diuretic effect of the mercurial 
was augmented and untoward reactions at the 
site of injection and in the kidneys were re- 
duced. These benefits were amply substantiated 
in the observations of deGraff, Nadler, and 
Batterman.' Theophylline is combined with the 
three organic mercurial compounds (Mercuzan- 
thin, Mercuhydrin, and Salyrgan-theophyl- 
line) which are in common use today as par- 
enteral diuretics. Although each of these drugs 
has its enthusiasts, there is no evidence that 
one is preferable to another under all circum- 
stances. 

The mercurial-theophylline compounds are 
reliable, powerful, and safe diuretics when given 
parenterally in office, clinic, and hospital prac- 
tice. There are many reports in the literature 
of their continued use for months or years; 
however, there are disadvantages and limita- 
tions to the parenteral administration of these 
preparations.’ Administration usually requires 
the service of a physician. Pain at the site of 
injection is not uncommon, particularly when 
given intramuscularly. Reactions secondary t» 
their potent and sudden diuretic effect ai 
not unusual. These include muscle cramps 
weakness, giddiness, and sometimes prostr: 
tion. Digitalis toxicity may occur in digitalize:| 
patients following the prompt and copious di 
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resi. On rare occasions, sudden death has fol- 
jow d the intravenous administration of a mer- 
eur: 1 diuretic. Administering the diuretic by 
reci | suppository has been attempted, but 
irri ition of the rectal mucosa occurs fre- 
quently.? 

I: 1941 Batterman, deGraff and Rose? re- 
por'ed favorably on the diuretic effect of Salyr- 
gan-lheophylline by oral administration. Pre- 
viously there had been inconclusive reports 
fron: Germany on the similar use of Novasurol, 
Salvrgan, and Novurit (Mercupurin).'® Since 
1941 there have been other reports demon- 
strating that Salyrgan-theophylline and Mer- 
cuzanthin are effective diuretics when given 
orally.!'"™ In single doses they are not as potent 
as the usual intravenous or intramuscular dose; 
however, they are more powerful than the 
xanthines or the acid salts. The purpose of the 
present study has been to determine the use- 
fulness of an orally administered mercurial diu- 
retic in ambulatory patients with congestive 
heart failure when administered over a pro- 
longed period of time. Particular attention was 
directed toward the value of this mode of 
administration in decreasing the need for par- 
enteral mercurial therapy, in relieving patients 
of the signs and symptoms of congestive failure, 
in decreasing the need of hospitalization for 
heart failure, in observing patients for possible 
toxic effects coincident with the prolonged use 
of mercury, and in arriving at some idea as to 
the optimum daily dosage. 


MATERIAL 


A total of 34 patients was found suitable 
for final analysis. No patient was included 
in this study who had received the oral mer- 
curis! preparation for less than thirty days. 
Of the 34 patients, 27 had required parenteral 
mercurial therapy prior to using the oral drug. 


The remaining 7 had never received parenteral 
mervury. Thus, for the purpose of comparing 


the period on parenteral therapy with the 
period on oral therapy, the 34 patients were 
divi led into two groups; those who had had 
a pievious period of parenteral mercurial ther- 
apy and those who had not. 

live etiologic diagnoses were represented 
among the 34 patients and all patients had 


chronic congestive heart failure. Arterioscle- 
rotic heart disease comprised the largest group 
and included 17 patients. There were 9 patients 
with rheumatic heart disease, 5 with syphilitic 
heart disease, 2 with hypertensive heart dis- 
ease, and one patient with congenital heart 
disease (Lutembacher’s syndrome). Hyperten- 
sion was found in 16 patients. The average 
age was 58 years. The youngest patient was 
19 years of age and the oldest 81 years. In the 
group studied, 23 were male patients and 11 
were female. 

Ambulatory patients, most of whom at- 
tended the Adult Heart Clinic of the Pennsyl- 
vania Hospital, were selected for study. The 
patients suffered from rapidly recurring edema 
due to chronic heart failure. Many had been 
followed for several years and had required 
parenteral mercurial therapy. With few excep- 
tions, the patients had been digitalized and 
were instructed in a low sodium diet. 


METHOD 


All patients had complete blood counts, urinal- 
vses, blood serology, and urea nitrogen determina- 
tions done at varying intervals while under observa- 
tion. The urine and blood urea nitrogen were 
watched carefully for signs of renal damage which 
might be related to the mercurial therapy. An elec- 
trocardiogram and orthodiagram were done when the 
patient was admitted to the clinic and thereafter as 
indicated. Each patient was examined in the clinic 
at weekly or biweekly intervals. The physical exam- 
ination, interval history, weight and vital capacity 
were recorded on each visit. 

At the beginning of the study, patients were 
placed on a dosage schedule of 1 tablet of the mer- 
curial diuretic daily. On this regimen, it was found 
that appreciable diuresis was not obtained for two 
or three weeks. For this reason and because the drug 
was well tolerated by the patients, the dose was sub- 
sequently increased to 3 and as high as 6 tab- 
lets daily. More rapid and pronounced diuretic 
effects were noted with the increased dosage. There 
was little tendency towards an increased intolerance 
to the drug. 

If prompt diuresis was desired, the patient was 
started on 6 tablets daily (2 tablets three times 
daily). Satisfactory diuresis was usually evident in 
one to three days. This regimen was continued for 
three to six days and then reduced to a maintenance 
dose of two or three tablets daily. Occasionally pa- 
tients were maintained on 6 tablets daily for as long 
as six weeks. Some patients, however, required no 
more than 1 tablet daily after the initial diuresis. 
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We found that the optimum daily maintenance dose 
had to be established individually for each patient 
by observing his clinical response. Seventeen pa- 
tients required maintenance dosages of 1 to 3 tab- 
lets daily. Nine patients required doses varying 
between 3 and 4 tablets daily. The remaining 8 pa- 
tients received dosages of 1 to 6 tablets daily, the 
optimum daily dosage varying considerably during 
the period of observation. 

It is well known that ammonium chloride aug- 
ments the diuretic effect of mercurial compounds. 
DeGraff and his co-workers employed this drug in 
most of their patients in conjunction with the mer- 
curial therapy. As a rule, this drug was not given to 
our patients in order that the side effects of the drug 
might not be confused with toxic manifestations of 
the oral mercurial. 

The average period of observation for 27 patients 
on parenteral mercurial therapy prior to using the 
oral mercurial was 290 days. The shortest observa- 
tion period was fourteen days and the longest was 
1092 days. Among the 34 patients who received the 
oral mercurial, the average period of observation was 
284 days; the minimum was thirty-two days, and 
the maximum was 742 days. It was necessary to in- 
terrupt the oral therapy at one time or another in 
10 of the 34 patients. These interruptions were for 
the following reasons: (1) possible drug toxicity; (2) 
failure of the patient to obtain the drug when clinic 
appointments were neglected: (3) the desire of the 
physician to determine the clinical progress of the 
patient following drug withdrawal: and (4) hospi- 
talization of the patient. The 10 patients did not 
receive the drug for an average of eighty-three days 
in an average total observation period of 367 days. 
Medication given during hospital admissions were 
excluded in this study on ambulatory patients. 


RESULTS 

The response of each patient receiving the 
oral mercurial diuretic was classified as good: 
fair, or poor. In evaluating the patient and 
placing him in the category deemed most ap- 
plicable, the following questions were posed: 
(1) Were the clinical signs and symptoms of 
congestive failure improved, unchanged, or 
worse when the patient was receiving the oral 
mercurial as compared to the observation 
period when the patient received parenteral 
mercurial therapy? (2) Did the need for par- 
enteral mercurial therapy decrease? (3) Did 
the need for hospitalization for cardiac reasons 
decrease when the patient received an oral 
mercurial diuretic? (4) Was the oral mercurial 
well tolerated by the patient and were there 
any manifestations of progressive renal impair- 
ment which might be attributed to mercury ? 


In the group of 27 patients who had pre- 
viously been receiving parenteral mere ria] 
therapy, 22 patients were classified as having 


good responses, 3 fair responses, and 2 patients 
were classified as responding poorly since hey 
showed no improvement. Of 7 patients who 
had received no parenteral mercury pricy to 
the oral preparation, 5 had good resp nses 
and 2 showed fair responses. None in. this 
group did poorly. Thus, in the total group of 
34 patients, 94.4 per cent were benefited \\ hile 
receiving the oral mercurial, and 79.4 per cent 
revealed responses which can be classific:| as 
clinically good. In addition to the beneiicial 
results of the oral mercurial, the patients \vere 
more satisfied with this mode of administra. 
tion. The weakness, muscular cramps, and pros- 
tration which occasionally follow parenteral 
mercurial therapy were not observed. 

The following case report is cited as an ex- 
ample of the exceptional benefit derived from 
oral mercurial therapy.* 


W. O., a 65 year old white woman, had arterio- 
sclerotic heart disease, cardiac enlargement, mitral 
insufficiency, and auricular fibrillation. She was hos- 
pitalized with congestive heart failure for the first 
time in 1941. Despite digitalization at this time and 
maintenance digitalis therapy thereafter, further 
hospitalizations for heart failure was necessary in 
July, 1944, and November, 1945. Sodium restriction 
and the use of ammonium chloride were not 
sufficient to prevent edema and the patient received 
her first injection of intravenous mercury on Decem- 
ber 15, 1945, with injections every two or three 
weeks thereafter. A gradual increase in the weight of 
the patient from 135 pounds in December, 1945 to a 
weight fluctuating between 150 and 156 pounds in 
May and June of 1947 occurred. The frequency of 
parenteral mercurial injections was increased in 
July, 1947 despite the marked weakness and muscu- 
lar cramps which the patient usually experienc: 
following the diuresis. 

On November 3, 1947, the patient was started | 
an oral mercurial preparation, following which, sie 
improved clinically and symptomatically. With t 
sustained diuresis, her weight decreased to a qui! 
constant new low level (fig. 1). An initial daily cd 
of 3 tablets was given, and this was increased t: 
tablets daily after five days. A maintenance dose 
2 tablets daily was established as the patient i 
proved. In December, 1947, following an un 
plained weight increase, the daily dose was increas: | 


* We are indebted to Dr. Arthur M. Rogers | 
permission to include the case report of this patiei 
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agait’ to 6 tablets daily for four days. One paren- 
teral ‘njection of mercury was given, the first injec- 
tion © six weeks, and the mercury tablets were 
redu: cd to 1 daily thereafter. The weight remained 
at tl low level of 139 to 142 pounds without fur- 
ther -arenteral therapy until the sudden death of 
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Fic. 1.—Weight chart on patient W. O., 
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enteral therapy during the administration of 
the oral preparation. Previously, 12 of these 
patients required injections every five to thir- 
teen days; 6 required injections every fifteen 
to twenty-three days; 4 received injections 
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a white woman, 65 vears of age, with severe anasarca sec- 


ondary to arteriosclerotie heart disease and auricular fibrillation of several years’ duration. Despite 


digitalis, 


ammonium chloride and limitation of sodium chloride her weight gradually increased as 


he result of edema formation. Some clinical improvement and reduction in weight followed an in- 
rease of the parenteral mercury injections which had been used occasionally for eighteen months 
prior to July 1947. Weakness and muscle cramps occurred after most of these injections. On Novem- 
ver 3, 1947 oral mercurial therapy was started. This treatment caused a gradual drop in weight to 
ipproximately 10 pounds below the previous (average) level obtained by the parenteral therapy. 
Che patient was greatly improved both subjectively and objectively during the subsequent period 


of nearly three months. 


the }:tient on January 20, 1948. A postmortem ex- 
amin. tion was not obtained and death was at- 
tribu:ed to a cerebral embolus. 


A | 27 patients who had received parenteral 
mer urial therapy prior to the oral mercurial 
diu: tie revealed a decreased need for par- 


every thirty to forty-one days; and the re- 
maining 5 received infrequent injections at in- 
tervals from forty-nine to eighty-four days. 
In determining the decreased need for par- 
enteral injections in each patient, the first 
thirty days of oral mercurial therapy were 
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excluded to permit a reasonable lapse of time 
to achieve the fullest drug effect. Sixteen of the 
27 patients required no parenteral therapy 
while receiving the oral preparation. Seven of 
these had previously required injections every 
five to eleven days. Seven other patients re- 
vealed a marked decrease in the need for par- 
enteral mercury, and the 4 remaining patients 
showed only a slight decreased need. Thus, 
85.1 per cent of patients previously requiring 
parenteral mercury showed a significant de- 
crease in the need for this mode of therapy 
while receiving an oral mercurial preparation. 
Of the 7 patients who had no trial period on 
parenteral mercury, none required mercury in- 
jections while receiving the oral mercurial. 

The comparative frequency of hospital days 
relative to the number of days that the patient 
was observed on parenteral mercurial and oral 
mercurial therapy was studied. Hospitaliza- 
tions for cardiac reasons alone were considered. 
Twenty of the 34 patients were not hospitalized 
at any time. Nine patients requiring hospitali- 
zation while receiving parenteral mercury 
needed no hospitalization when receiving the 
oral preparation. Four patients showed a de- 
creased percentage of time spent in hospital 
confinement while on oral therapy. Only one 
patient revealed an increased period of hospital 
days. Of the 7 patients who received no course 
of parenteral mercury, none required hospitali- 
zation during the period of study. 

The patients were closely observed for signs 
and symptoms which might be attributed to 
toxic effects of the oral mercurial. For the 
purpose of the study, all such suggestive signs 
or symptoms were assumed to be related to 
mercury although it was recognized that similar 
manifestations might be due to other causes. 
Of the total group of 34 patients, 20 presented 
no suggestive signs or symptoms of drug tox- 
icity. The remaining 14 patients presented signs 
and symptoms which might be attributed to 
drug toxicity. The most common manifesta- 
tions were nausea, vomiting, and diarrhea, 
occurring singly or in combination. These oc- 
curred in 10 instances. Three patients devel- 
oped stomatitis, and 2 others a Vincent’s ulcer 
of the tonsil. Digitalis toxicity was observed 


in 2 patients. In 9 of the 14 patients, signs :i:nd 
symptoms suggestive of drug toxicity disap- 
peared although the treatment was not in er- 
rupted. In none of the 14 patients did :he 
reactions necessitate a permanent interrup! on 
of the oral mercurial therapy. 

Serial blood urea nitrogen levels in 19 )a- 
tients and urinalyses in 21 patients furnis!.ed 
no evidence to suggest progressive renal \:n- 
pairment. One patient who had been }).s- 
pitalized for benign prostatic hypertrophy + nd 
uremia prior to the period of oral merew: ial 
therapy was rehospitalized for uremia. 7)jis 
patient received | to 3 tablets of the oral 
mercurial daily for 105 days. Because of nog 
lected clinic appointments, he received no oral 
mercurial therapy for three weeks prior to his 
hospitalization. The uremic state improved cun- 
siderably but the patient died suddenly and 
unexpectedly in the fourth hospital week. His 
death was attributed to cardiac disease. Nec- 
ropsy permit was not granted. 

Five patients developed albuminuria while 
receiving the oral mercurial. Four of these 5 
patients revealed only a faint trace to a trace 
of albumin. The uremic patient mentioned 
above progressed to a3 plus albuminuria, which 
decreased to 1 plus as therapy was continued. 
Most patients revealed minor urine abnormali- 
ties at one time or another during the period 
of observation as might be anticipated in pa- 
tients with advanced cardiac disease and con- 
gestive failure. 

Ten of the 34 patients studied died. Six 
died during the course of oral mercurial ther- 
apy. Four died after periods of two to six 
months following discontinuation of the oral 
mercurial therapy. 


o 
' 





Discussion 


It was not the concern of this study to ap- 
praise the relative potency of oral and _ par- 
enteral mercurial preparations. Undoubtedly 
mercurial diuretics are more rapidly effective 
when given by the parenteral rather than the 
oral route of administration. We have found, 
however, that the oral administration of an 
organic mercurial compound over prolonged 
periods of time is a useful, safe, and effecti:e 
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method for promoting and maintaining diu- 
y sis in ambulatory patients with congestive 
hart failure. This was illustrated in the de- 
c eased need for parenteral mercury in all pa- 
t nts when receiving an oral mercurial prep- 
a ation, and the absence of serious toxic 
pn. inifestations. 

\lild toxic reactions similar to those reported 
el-ewhere were encountered in this study. Occa- 
sionally the drug was discontinued when such 
reactions occurred, but usually the therapy 
was continued. Nausea, vomiting, and diarrhea 
were always of transitory duration. It was 
difficult to be certain that mercury toxicity 
rather than transient gastroenteritis, digitalis 
toxicity, or disturbed physiology of the gastro- 
intestinal tract secondary to congestive failure 
was the exact cause. In 3 patients who devel- 
oped gingivitis, pre-existing pyorrhea had been 
observed. By periodic urinalyses and blood 
urea nitrogen determinations, the patients were 
observed for renal damage. Batterman, De- 
Graff, and Schorr reported 2 cases of uremia 
which were apparently related to an oral mer- 
curial. We are not certain, in the single case of 
uremia which we encountered, that the oral 
mercurial was responsible, particularly in view 
of the previous uremic history of the patient. 
Minor evidences for renal damage were not 
considered to be of sufficient significance to 
warrant interruption of the therapy. In keeping 
with advanced cardiac disease, many patients 
in this study revealed impaired renal function 
as evidenced principally by albuminuria and 
urea nitrogen retention. 

While receiving the oral mercurial prepara- 
tion, the patients in this study impressed us 
as maintaining a more constant diuresis and 
more stable weight than when receiving par- 
enteral mercurial therapy. Symptoms of hypo- 
natremia, seen occasionally with parenteral 
mercurial therapy, were not present in patients 
rec: iving the oral mercurial drug. A more con- 
stant and sustained relief from the symptoms 
of -ongestive failure was noted by most pa- 
tiets, in contrast to the fluctuating states of 
rel. tive comfort and discomfort experienced 
Wh n receiving periodic injections of parenteral 
mcurial preparations alone. Thus, it is under- 


= 


standable that the majority of the patients in 
this study preferred the mercurial tablets rather 
than parenteral mercurial therapy. 


SUMMARY 


1. Thirty-four selected patients with chronic 
congestive heart failure were given tablets of 
an organic mercurial preparation in addition 


to digitalis therapy and restriction of sodium 
chloride. 


2. Twenty-seven of these patients had pre- 
viously received parenteral mercurial therapy. 
In 25 of these patients the need for parenteral 
therapy was eliminated or greatly reduced. 

3. A greatly decreased incidence of hospital- 
ization for cardiac reasons was noted during 
the period of study. 


4. No serious toxic manifestations were ob- 
served. 

5. Oral mercurial tablets are a valuable ad- 
junct to the therapy of chronic congestive heart 
failure. 
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The Straining Procedure as an Aid in the Anatomic 
lla of Cardiovascular Murmurs 
and Sounds 


By Harry F. Zrxsser, Jr., M.D., 


AND CALVIN F. Kay, M.D. 


Most heart murmurs diminish in intensity during straining. Those derived from the right heart 
and pulmonary circulation regain intensity immediately after straining. Those from the left heart 
and systemic circulation recover only after an appreciable delay. The murmurs of patent ductus 
arteriosus and of mitral stenosis each showed a modified, but characteristic response. These murmur 


MERTAIN commonly used diagnostic 
technics are based on the relationship 
A of murmur intensity to the rapidity and 

volume of blood flow. By exercise, amy] nitrite, 
and other means, the general circulatory veloc- 
ity is increased to accentuate murmurs. If 
the blood flow in the right side of the heart 
and pulmonary artery could be altered differ- 
entially from that in the left side of the heart 
and aorta, then the time of murmur accentua- 
tion should provide a clue to its anatomic ori- 
gin. Such a differential alteration in circula- 
tory dynamics is provided in the relaxation 
period immediately following cessation of vol- 
untary straining. 

In a previous study! the electrokymograph 
was tested as an apparatus for recording the 
acute circulatory disturbances produced by 
straining. A marked difference was shown be- 
tween the recovery pattern of the aorta and 
that of the pulmonary artery (figs. 1-4). Dur- 
ing straining the increase of intrathoracic pres- 
sure causes an immediate reduction of venous 
return to the heart. The output of the right 
heart decreases, the pulmonary reservoir is de- 
pleted, and the output of the left heart falls. 
With relaxation, the intrapulmonie pressure 
returns to the atmospheric level. The venous 
bloo! which has been dammed back peripher- 
ally :ow rushes first into the right side of the 
hear. The previously reduced pulsations of the 
pulmonary artery become vigorous at once, 
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changes were correlated with recorded dynamic ec: rdiovasc ular changes produced by straining. 





and the lesser circulation is restored. The out- 
put of the left side of the heart and the aortic 
pulsations become maximal only after refilling 
of the pulmonary blood reservoir. Thus, in the 
period of relaxation, there is a difference in 
the time of maximal volume flow in the two 
sides of the heart. 

Based on these changes the following pre- 
dictions were made: (1) Murmurs should be 
altered, becoming faint during straining and 
gaining intensity after relaxation. (2) Murmurs 
originating from the right side of the heart 
or pulmonary artery should become intensified 
very early following relaxation. (3) The resto- 
ration of intensity of murmurs arising from the 
left side of the heart or aorta should be delayed. 
(4) The differences in time of return of the two 
types of murmurs should be as definite as the 
differences in the recovery patterns of aortic 
and pulmonary arterial pulsations which are 
demonstrated in figures 1-4. 

This investigation was undertaken to test 
these predictions and to study the behavior 
of murmurs and other sounds of cardiovascular 
origin during the straining procedure. 


MerHops 


Numerous patients with murmurs of various types 
were tested in the wards and clinics, and it was 
quickly found (1) that the murmurs could, in most 
instances, be reduced in intensity by the straining 
procedure and (2) that the time of return of murmur 
intensity varied. In order to demonstrate these 
changes graphically, recordings were made, in various 
combinations, of the heart sounds, electrokymo- 
gram, electroc: ardiogram, and intrapulmonic pres- 
sures. In each of the patients selected as a subject 
for these recordings, the anatomic location of the 
murmurs seemed unquestioned. Some patients had 
the characteristic findings of acquired valvular dis- 















AORTA SSS 
LJ. ee ee ee 
WIN nteccicictanctityy| Vivi FG Ginis: 

PLETAL SE ayy tt Wasi BAKE TEAL AE 












RASS ine aA seabLL 
ae noe co ve 
cH 
32S a 
PT AP 














Fic. 1.—Normal subject L.J. Simultaneous recordings of aortic knob (upper), brachial arterial 
pressure (middle), and intrabronchial pressure (lower). During straining, aortic pulsations and pulse 
pressure are reduced, and pulse rate accelerates. After relaxation, return of amplitude of aortic pulsa- 
tions and pulse pressure is gradual, and tachyeardia changes to bradycardia after a few beats. 
(Figures 1-4 have appeared in a previous publication.') 
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Fic. 2.—Normal subject L.J. Pulmonary artery pulsations (upper), brachial arterial pressure 
(middle), and intrabronchial pressure (lower). During straining, pulmonary arterial pulsations are 
reduced. After relaxation, maximal pulsations return immediately. Changes in pulse pressure and 
pulse rate as in figure 1. 
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eas. Others were proved to have pulmonary or 
pe! pheral arteriovenous aneurysms, or one or 
ancther of the various forms of congenital heart 
disi-ase. 

itecording Methods. The electrokymographic 
equipment used in this study was of the type de- 
scrived in detail elsewhere.?: * Intrapulmonic pres- 
sure was recorded by a strain-gage manometer. The 
sound apparatus was of standard commercial type. 
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and a short control period recorded. The subject 
then strained against the mercury column to a pres- 
sure of 20 or 30 mm. for a sufficient time to alter 
the murmur. He then relaxed but did not resume 
respirations until the poststraining recording was 
completed. Throughout this period the subject kept 
his glottis open. Employing this standard pro- 
cedure, electrokymographic tracings of the pulmo- 
nary artery or aortic knob were recorded, along with 
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Fic. 3.—Normal subject R.L. Same as figure 1. Intrabronchial pressure illustrated is an overlay 


of actual recording. 
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Fic. 4.—Normal subject R.L. Same as figure 2. 


All tracings were recorded on a Sanborn Tribeam 
instriiment. 

Ty vestigative Procedure. When electrokymograms 
were feasible, the patient was seated before the 
fluo: scope and braces were applied to reduce ex- 
trancous movement. The microphone was strapped 
in position at the point of maximal murmur in- 
tens\ty. The straining procedure was a modification 
of ‘he Valsalva maneuver, produced by blowing 
age ist a mercury manometer. On command, the 
bre.thing was arrested in a midrespiratory position 





the heart sounds, and intrapulmonic pressure or elec- 
trocardiogram. In certain instances the electrocar- 
diogram was used as the timer instead of the elec- 
trokymogram. 

Such a procedure as that described above re- 
quired a certain degree of patient cooperation. Some 
patients, especially infants and young children, could 
not be expected to follow the necessary instructions. 
Some were unable to do so because of dyspnea or 
weakness. Still others unknowingly supported the 
mercury column with oral compression, and ac- 
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tually raised their intrapulmonie pressure only mo- the fainter basal systolic murmurs and the higher 
mentarily, or not at all. This latter difficulty rarely pitched aortic diastolic murmurs often gave char 
caused serious trouble once we became aware of its teristic responses to straining when heard wit! 
existence. Finally, in about one individual of every stethoscope, but did not show very well on tracinys, 
5 examined the murmur did not appreciably change Under “Results,”” only those murmur changes w!] 
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Fic. 5.—A, Ventricular septal defect. Sound recordings (upper), pulsations of aorta and of pul- 
monary artery (middle), and intrabronchial pressure (lower). The intensity of the systolic murmur 
is reduced during straining. After relaxation, the intensity returns progressively, in parallel with 
the recovery of amplitude of aortic pulsations. The return of maximal pulmonary arterial pulsation 
precedes the return of murmur intensity. Note also straining tachyeardia and late poststraining 
bradycardia. 

B, Pulmonary A-V aneurysm. Sound recordings (upper), electrocardiograms (middle), and pulsa- 
tions of the aorta and of the pulmonary artery (lower). The intensity of the continuous murmur is 
reduced during straining. Murmur intensity recovers immediately upon relaxation, as does the pul- 
monary artery pulsation. Aortic pulsations show later return. (See also fig. 6.) 


in intensity despite evidently satisfactory coopera- 
tion. 

Thus, production of murmur changes was dif- 
ficult or impossible in some individuals. Likewise, RESULTS 
recording of audible changes was not always satis- 
factory. In this study we were constantly required 
to demonstrate objectively that which was often In general, the results bear out the predi 
much more easily heard than recorded. For example, tions. When straining is effective, a defini: 


have been recorded objectively in patients wit! 
lesions of known anatomic origin are presented. 


Effect of Straining upon Murmurs 
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red:iction in murmur intensity is the rule. In 
pat ents with uncomplicated right- or left-sided 
lesi-ns the two types of poststraining response 
can be clearly differentiated. The murmurs 
of 1.itral stenosis and patent ductus arteriosus 
con-istently show modifications of the typical 
patiorn of left-sided response. Patients with 
adv: need aortic insufficiency show the typical 
patiorn of a left-sided murmur, but fail to show 
certiin changes of pulse rate characteristic of 
straining. The murmurs of patients with com- 
plex congenital lesions show variable responses 
as would be expected. 

Differentiation of Murmurs of Right and Left- 
Sided Origin. The ability of the straining pro- 
cedure to aid in the anatomic localization of 


CONTROLGMSTRAINING 


of response expected for a murmur known to 
arise from a lesion of the pulmonary arterial 
tree. The right-sided murmur response is also 
shown in figure 6. 

The control group of patients with murmurs 
of proved left-sided origin included subjects with 
the following conditions: aortic insufficiency, 
aortic stenosis, mitral insufficiency, mitral ste- 
nosis, uncomplicated ventricular septal defect, 
patent ductus arteriosus, peripheral arterio- 
venous shunts, and coarctation of the aorta 
(both for the precordial and collateral circu- 
lation bruits). When patients with these lesions 
were tested, records showed left-sided response 
patterns in which the murmur intensity was 
reduced during straining and recovered grad- 


POST -STRAINING 


PULMONARY A-V ANEURYSM 


Fic. 6.—Same patient as in figure 5, B. Sound recordings (upper) with amplification increased 


~ 


in comparison with records of figure 5, B. Electrocardiogram (middle) and intrabronchial pressure 
lower). Note recovery of murmur intensity immediately upon relaxation. 


murmurs was tested in patients with murmurs 
of unquestionable right- or left-sided origin. 
Subjects with murmurs of proved right-sided 
origin were difficult to obtain due to the rarity 
of isolated tricuspid or pulmonary valve lesions. 
Thus, studies were confined to one patient 
With pulmonary arteriovenous aneurysm and 
one with a large mediastinal tumor compressing 
the pulmonary artery. The lower tracings of 
figurs 5 show results in a patient with pul- 
mony arteriovenous aneurysm. The continu- 
ous }4urmur becomes less intense during strain- 
ing «nd recovers immediately after relaxation. 
The electrokymograms confirm that this res- 
tors‘ion of intensity coincides with the re- 
cov'ry of pulmonary arterial pulsations, and 
cleily precedes the return of aortic pulsations. 
These tracings exemplify the right-sided type 


ually after relaxation. (The murmurs of patent 
ductus arteriosus and mitral stenosis were sub- 
ject to certain modifications which are dis- 
cussed below.) This type of response is illus- 
trated in the upper tracings of figure 5, which 
are taken from a patient with uncomplicated 
ventricular septal defect proved by cardiac 
‘atheterization. It is easily seen that this left- 
sided murmur recovers intensity in the late 
poststraining period, paralleling the increase 
in aortic pulsations recorded by the electroky- 
mograph. The murmur changes are independent 
of the pulmonary artery pulsations which re- 
cover their maximal amplitude more rapidly 
after relaxation. 

Modi fications of the Standard Response. Dur- 
ing the course of this study, certain conditions 
demonstrated variations from the usual re- 
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sponse to straining. In patients with advanced 
aortic insufficiency the expected changes in 
pulse rate were not seen. In other patients with 
mitral stenosis and patent ductus arteriosus, 
the typical pattern of left-sided response of 
the murmur was modified. These results deserve 
special mention and consideration. 


EARLY 


ak 


STRAININ 


wong 


ing were not found in these patients. Normally, 
the pulse rate increases steadily from the onset 
of straining. This tachycardia persists for sey- 
eral beats after relaxation, and is followed |,y 
a rather abrupt bradycardia. These rate changes 
are well demonstrated in figures 1, 2, 3, and 4, 
particularly in the latter two. They are not 


a4 


AORTIC INSUFFICIENCY 


Fic. 7.—Aortic insufficiency. The diastolic murmur (M) diminishes in intensity during straining. 
It returns to maximal intensity on the sixth and seventh beats after relaxation. Neither straining 
tachycardia nor poststraining bradycardia is present. The second sound shows reduplication. The 
two components show independent recovery in the poststraining period. After relaxation, the first 
component is large in beat number 2; in beat 7 the components are equal; in beat 10 the second com- 


ponent is maximal (see text). 


1. Aortic Insufficiency: The characteristic 
left-sided type of response was regularly ob- 
served with the murmur* of 
aortic insufficiency (fig. 7). While the murmur 
itself responded in a typical manner, the pulse 
rate changes characteristic of effective strain- 


in association 


* In this murmur especially, changes easily heard 
with a stethoscope were often difficult to record. 


present in figure 7, and were not seen in s! 
of seven other cases of aortic insufficienc) 
This absence of pulse change is presumab! 
the result of an abnormality of the reflex mec! 
anisms. We emphasize that the patients teste | 
were considered to have advanced lesions, at! 
had been chosen for their outstanding auscult 
tory and peripheral signs. 
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Mitral Stenosis: This left-sided murmur 
tented to vary from the typical response pat- 
ter. In the early phases of the study when 
attention was directed particularly to the pre- 
sysiolic component of the murmur, most pa- 


MITRAL 


It is well known that an increase of rate 
accentuates a presystolic murmur. This ac- 
centuation is not primarily due to the general 
increase of blood flow, but is more closely 
related to the shortening of diastole that ac- 


ag 


- aT | 
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Fic. 8.—A, Mitral stenosis. The intensity of the presystolic murmur, (M) is seen to correlate with 
changes is pulse rate. Contrary to the usual left-sided response, the intensity increases during the 
tachyeardia of straining and decreases during the bradyeardia of late poststraining (see text and 


fig. 9, A). 


B, Mitral stenosis. The opening snap sound (3) remains uncha»; ed throughout the procedure. 
Che presystolic murmur (M) is consistently louder with the premature beats (A) than with the 
normal beats. Murmur intensity is reduced during straining. After relaxation, in the premature 
heats the murmur is easily seen, and its intensity is sequentially increased. Conversely, in the nor- 
mal beats the murmur is barely detectable and does not appreciably increase in intensity (see 


ext). 


tient: apparently failed to show a significant 
decr'ase of murmur intensity with straining. 
Successful production of rate changes during 
the procedure suggested that failure to strain 
coul': not account for the lack of murmur al- 
tera ion. Indeed, these rate changes evidently 
exp! iin the failure of the presystolic component 
of t'\e murmur to show the usual strain pattern. 


companies the increased rate. A presystolic 
murmur is louder with a short diastole, and 
softer or even absent with longer diastolic per- 
iods. This well-known phenomenon is demon- 
strated in the lower tracing of fig. 8, which 
shows the record of a patient with mitral ste- 
nosis and a loud presystolie murmur. During 
the recording, auricular premature beats oc- 
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curred, and it is obvious that the presystolic 
murmur is much louder for the premature beats 
than for the beats following the longer pauses. 
Clearly, in producing a presystolic murmur, 
the effect of auricular systole is lessened after 
a long diastolic period. Such a period permits 
passive auricular emptying and ventricular fill- 
ing to a point where auricular systole adds 


CONTROL 


STRAINING 


RY 
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similar premature beats. However, the fi 
effect is minor, relative to the effect produc 
by the difference in duration of diastole. 
Obviously, therefore, in the average patie 
with mitral stenosis, the rate changes prodi 
effects opposing the blood flow changes. I) 
tachycardia during straining and the bra 
cardia during relaxation will tend to neutrali 


POST-STRAINING 


MITRAL STENOSIS 


Fic. 9.—A, Mitral insufficiency. Typical left-sided response. The murmur intensity continues to 
increase during the bradycardia of the late poststraining period. (Contrast with Fig. 8, A.) 

B, Mitral stenosis. The early diastolic component of the murmur (E) is reduced in intensity during 
straining and augmented in the late poststraining period in a typical left-sided response pattern. 
The changes in the presystolic component of the murmur (P) are also of the left-sided type, but are 
less conspicuous (see text). The opening snap sound (3) disappears during straining and returns on 


the third beat of the relaxation period. 


relatively little impetus to blood movement. 
Thus, changes in rate, through their effect on 
the duration of diastole, appear to influence 
the intensity of presystolic murmurs to a greater 
degree than do changes in volume of blood 
flow during straining. That the increase of 
flow during the poststraining period has some 
effect can be seen by comparing the earliest 
premature beat of relaxation with sequential 


for the presystolic component of the murmur, 
the expected influences of altered blood flo 
This is seen in the upper tracing of fig. 8 whi 
shows the straining procedure in a_ patie: 
with mitral stenosis. Straining has been effe:- 
tive, as evidenced by the development of ch: 
acteristic rate changes and alteration of he: 
sounds. However, the presystolic murmur | 
not been decreased during straining, but 
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som: What decreased in the later relaxation per- 
iod ‘vhen bradycardia occurs. The upper trac- 
ing ‘f figure 9 is included for comparison to 
dem onstrate the typical left-sided response of a 
mit: | systolic murmur. Note that this murmur 
cont nues to increase at the time of slowing in 
the poststraining period. The lower tracing of 
figu: 9 shows the record of a patient with 
mitr:| stenosis in whom the intensity of the 
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poststraining period. This apparent paradox 
is a reversal of the effects. expected to result 
from changes of blood flow on the left side of 
the heart. It is apparently a pulse rate phenom- 
enon, contingent upon the fact that auricular 
systole is less effective in.accelerating the flow 
of blood after a long diastole, when the ven- 
tricle has already been passively filled, than 
after a, short diastole, when the ventricle is 
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Fic. 10.—Patent ductus arteriosus. The continuous murmur is diminished in intensity during 
straining. It shows a still further reduction in amplitude in the immediate poststraining period, be- 
ore regaining intensity in a typical left-sided manner. 


diastolic murmur decreases during straining 
and increases during later relaxation. Of the 
variolis portions of this diastolic murmur, the 
presy stolic element shows less change than does 
the rst of the murmur. It is to be noted that 
the »ite changes are less marked in this indi- 
vidu:l than in the others described above. 

T.. reeapitulate, in mitral stenosis, the be- 
havior of the presystolic component of the mur- 
mur is variable. It may actually increase dur- 
ing -training and often does diminish in the 


less well filled. The early diastolic component 
of the murmur of mitral stenosis responds in 
the characteristic left-sided manner. 

3. Patent Ductus Arteriosus: In this condi- 
tion the elevation of aortic pressure in the late 
poststraining period caused murmur accentua- 
tion in a characteristic left-sided manner. As 
an additional phenomenon, regularly observed 
in our three patients, the murmur became even 
fainter in the immediate poststraining period 
than it had been during late straining (fig. 10). 
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The sharp rise in pulmonary artery pressure 
immediately after relaxation had undoubtedly 
resisted the inflow of blood from the aorta. 
Theoretically, this pattern could occur in any 
patient with a murmur originating from a left 
to right shunt, but was definite only in the 
patients with patent ductus arteriosus. In pa- 
tients with ventricular septal defect, a similar 
phenomenon was suggested in some records 
(uppermost tracing of fig. 5), but was not a 
consistent or clear-cut finding. 

Effect of Straining Upon Murmurs in Con- 
genital Heart Disease. In certain patients with 
congenital heart disease, a study of the mur- 
murs by the straining procedure is unsatis- 
factory. This has been especially true of indi- 
viduals with cyanotic malformations and atrial 
septal defects, since those old enough to co- 
operate are often unable to strain because of 
dyspnea or weakness. Hence, in these particular 
lesions, the number of patients available for a 
control group is inadequate. Despite this in- 
adequacy, some preliminary observations 


should be reported, pending further study. 
In the cyanotic group, certain complex lesions 


may produce murmurs which cannot be dis- 
tinguished by the straining procedure as clearly 
left- or right-sided in origin. The systolic mur- 
murs of the tetralogy of Fallot and the Eisen- 
menger complex may not permit differentia- 
tion between that sound component arising 
from the ventricular septal defect and that 
produced on the pulmonary side. Five such 
patients have been tested, and the results were 
variable, as would be expected. Where the mur- 
mur was affected by straining, the intensity 
recovered partly early and partly late in post- 
straining. 

Two patients with the tetralogy of Fallot 
were studied postoperatively after anastomoses 
of the Blalock type. The continuous murmurs of 
the anastomoses were not decreased in inten- 
sity during straining, preventing any demon- 
stration of a recovery pattern. While murmurs 
originating from a peripheral artery ordinarily 
give a left-sided pattern, in these patients the 
aorta itself receives considerable right-sided 
blood and the pattern should therefore be cor- 
respondingly altered. These two patients failed 
to cause murmur alteration despite apparently 


adequate efforts to strain. A patient with atrial 
septal defect similarly failed to produce mur- 
mur changes. These observations have led us 
to speculate upon possible mechanisms hy 
which one could account for temporary majn- 
tenance of blood flow at the site of murmur 
origin despite a reduction in venous return of 
peripheral blood to the right atrium. The sig- 
gested explanations have had varying degrees 
of plausibility.* 

In contrast to other types of congenital |e- 
sions, patients with patent ductus arteriosus, 
uncomplicated ventricular septal defect, «nd 
coarctation of the aorta have proved very saiis- 
factory for study. These murmurs show a char- 
acteristic left-sided response pattern with the 
modification in patent ductus arteriosus as «is- 
cussed above. 


Effect of Straining upon Cardiovascular Sounds 
Other than Murmurs 


Phonocardiograms made during the straining 
procedure show that heart sounds are also al- 
tered, becoming fainter during straining and 
regaining intensity following relaxation. This 
finding may prove of considerable practical 
value in the study of the various so-called 
“extra” heart sounds. While the present exper- 
iment was directed primarily toward the in- 
vestigation of murmurs, certain observations 
were made regarding other sounds of cardio- 
vascular origin. These results will be mentioned 
only briefly here, and will be subjected to fur- 
ther study. 

1. Split Heart Sounds. If split second heart 
sounds arise from asynchronous closure of the 
left and right valves, then the pattern follow- 
ing straining will show differences in the re- 
covery of the two components of the split sound. 


* For example, in atrial septal defect, the volume 
of blood shunted from the left to the right atrium 
might increase during straining to compensate for 
diminished venous return from the periphery. As 4 
result, blood flow through the right side of the heart 
and pulmonary artery would be sustained sufficient!) 
to prevent a significant change in the murmur. The 
reservoir of the enlarged pulmonary vascular bed 
could constitute a source for such a flow. Obvious!y, 
this maintenance of flow could continue only brieily, 
but might delay the reduction of murmur intens.‘y 
beyond the capacity of the subject to maintain eff: c- 
tive straining. 
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This is seen in figure 7, where, following relaxa- 
tion, there is an immediate increase of the 
initi: | component of a split second sound. Sub- 
sequently this first component subsides, and 
the -econd component increases in intensity. 
It is believed these changes indicate that the 
initia! component of this split second sound 
was of pulmonary semilunar origin. 

Certain studies by Wolferth and Margolies*: * 
were concerned with the nature of splitting of 
the tirst heart sound. They concluded that 
“(1) the split first sound has a right ventricular 
and « left ventricular component, and that (2) 
separation of these components is due to asyn- 
chronism in certain early phases of cardiac 
contraction in the two ventricles.’’ When tested 
by the straining procedure, split first sounds 
show a difference in recovery of the two com- 
ponents. This demonstrates that the compo- 
nents are of separate origin and confirms the 
earlier work. 

2. Opening Snap Sound. The mechanism of 
the opening snap sound (claquement d’ouver- 
ture de la mitrale*) has been studied by Margo- 
lies and Wolferth.? (This sound is often re- 
ferred to as the third heart sound of mitral 
stenosis.) Their evidence is in accord with the 
hypothesis that the sound is produced by the 
sudden limitation of the opening movement of 
a stenosed mitral valve. This movement oc- 
curs when auricular pressure exceeds ventric- 
ular pressure, but before blood of significant 
amount flows from auricle to ventricle. Thus, 
the snap is heard following the second sound, 
and precedes by a short interval the earliest 
part of the diastolic murmur. The behaviour 
of the sound with straining is compatible with 
this theory of its production. If the sound de- 
pends on the sudden checking of a movement 
of the valve en masse, then there should be 
some element of “all or none,” i.e., a “thresh- 
hold’* where the valve will move with enough 
suddenness and force to cause the sound, and 
belo which it will fail to produce this effect. 
As sven on the lower tracing of figure 8, there 
is a) Opening snap sound which not only fails 
to (isappear during straining, but shows no 
sign ficant decrease or increase during the pro- 
cediire. In the lower tracing of figure 9, the 
opeiing snap sound has disappeared during 


straining, and returned on the third poststrain- 
ing beat with almost the same intensity as on 
any subsequent beats. In some instances this 
sound has shown a decrease in intensity during 
straining, with or without disappearance of 
the sound. However, when it disappears and 
reappears, there seems to be a threshold effect. 
rather than a more gradual change. 

3. Other Miscellaneous Sounds. We have some 
evidence that other sounds (gallop sounds, sys- 
tolic clicks, semilunar opening clicks, and phys- 
iologic third heart sounds) might be altered 
by the straining procedure so as to differentiate 
right and left origin in a manner similar to that 
described above for murmurs. However, fur- 
ther study of these various sounds is necessary 
before their behaviour during straining can 
be considered established. 


DISCUSSION 


The dynamic alterations of the circulation 
in response to increased intrathoracic pressure 
are reasonably uniform and predictable. Dur- 
ing straining, cardiac filling is impaired and 
cardiac output is diminished. After straining, 
the right side of the heart fills first, and the 
blood flow in the lesser circulation is promptly 
accelerated. Filling of the left side of the heart 
and restoration of the flow in the systemic 
circulation occurs only after an appreciable 
interval required for the restoration of the 
pulmonary blood reservoir. In these studies 
it is shown that variations of the intensity of 
murmurs conform to the dynamic physiologic 
changes. A reduction in intensity of all types 
of murmurs is the rule during the period of 
effective straining. When a definite reduction ° 
occurs, it is rarely difficult to differentiate the 
prompt return of murmurs arising in the pul- 
monary circulation from the delayed return 
of murmurs arising in the left side of the heart 
or systemic circulation. As described in the 
results, modified responses were characteristic 
of the murmurs associated with certain lesions. 

This material is not easily adapted to quan- 
titative analysis. Complete records were made 
on 38 subjects with a wide variety of cardio- 
vascular lesions of known anatomic location. 
These were selected from a much larger number 
of individuals in whom the effects of straining 
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were evaluated as a simple clinical procedure. 
Selection was based upon the opinion of the 
examiner that the murmur was of suitable 
pitch and intensity to show on the records, 
that the changes induced by straining were 
sufficient to be easily demonstrated objectively, 
and that the particular lesion had not already 
been demonstrated repeatedly in our records. 
Most of our subjects had lesions of the left 
side of the heart and systemic circulation. Nu- 
merically, murmurs produced by uncomplicated 
lesions of the right side of the heart and lesser 
circulation are relatively rare. In this study, 
only 2 such subjects were recorded, one with 
a pulmonary arteriovenous communication, and 
one with a lung tumor compressing the pul- 
monary artery at its bifureation. In addition, 
the “physiologic pulmonic systolic’? murmur 
of children and young adults was repeatedly 
found to respond according to the right-sided 
pattern as heard with a stethoscope. Since this 
study was directed toward lesions of known 
anatomic origin, we rarely attempted objective 
records in these subjects, and when attempts 
were made, we had little success in recording 
the murmur, even in the control period. 

In almost every textbook of physical diag- 
nosis or heart disease, references are made to 
the influence of respiration upon one or another 
type of murmur. In the main, these references 
apply to changes produced by variations of the 
anatomic relations of the chest wall to the vas- 
cular structures. The accentuation of the mur- 
mur of aortic insufficiency in full expiration, 
and the appearance of some cardiorespiratory 
murmurs only in certain respiratory positions 
of the chest wall may be cited as examples of 
this anatomic relationship. References to mur- 
mur changes resulting from alteration of cir- 
culatory dynamics incident to respiration are 
much less frequent. For example, Moyer and 
Ackerman* describe a murmur of pulmonary 
arteriovenous communication which was loud 
during inspiration and barely audible in ex- 
piration. The physiologic basis for this varia- 
tion is not discussed. White® believes that the 
“physiologic pulmonic systolic’? murmur is 
probably associated with a dilatation of the 
pulmonary artery under the increased pulmo- 
nary artery pressure during full expiration or 


during the Valsalva experiment. Levine «nd 
Harvey" likewise refer to increased pulmonary 
artery pressure during the Valsalva experiment 
as the possible causative factor in the pro:iuc- 
tion of a systolic murmur in a patient with an 
undiagnosed heart disorder. Actually, both the 
net pressure! ? and the stroke change in di- 
meter! of the pulmonary artery are regul: rly 
reduced during straining, hence a dynamic basis 
for the murmur accentuations described by 
White and by Levine and Harvey is not ap- 
parent. 

To our knowledge this is the first controlled 
study of the effects of straining upon murmurs. 
This method should provide a teaching e xer- 
cise useful in the application of a complex 
physiologic response to problems in clinical 
medicine. It should provide a foundation for re- 
search studies of the mechanism of certain heart 
sounds of obscure origin. Finally, it should be 
helpful clinically in the anatomic localization 
of murmurs of uncertain etiology. 


SUMMARY 


1. Patients with heart murmurs associated 
with a wide variety of cardiovascular lesions 
were subjected to a standardized straining pro- 
cedure Heart sounds, border movements of 
the great vessels, intrapulmonic pressures, and 
electrocardiograms were recorded. 

2. Murmurs were reduced in intensity during 
straining. The response after relaxation de- 
pended upon the anatomic location of the lesion. 
(a) Murmurs derived from the pulmonie circu- 
lation returned immediately. (b) Murmurs de- 
rived from the left side of the heart and sys- 
temic circulation returned only after an ap- 
preciable delay. (¢) The presystolic component 
of the murmur of mitral stenosis and the mur- 
mur of patent ductus arteriosus each showed 
a characteristic modification of the left-sided 
response. (d) Murmurs associated with com- 
plex intracardiac shunts responded variab! 

3. These changes in murmur intensity wi 





correlated with the sequence of dynamic ever: 
during and after an increase in intrathoracc 
pressure. 

4. Sounds other than murmurs were 2!-0 
affected, and a brief discussion of these is ‘1- 
cluded. 
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5. Observations of the effect of straining upon 
muraurs and sounds should be useful in teach- 
ing nd in the investigation of the nature and 
orig of obscure heart sounds and murmurs. 
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The Relation between Electrocardiographic Evidence of 
Right Ventricular Hypertrophy and Pulmonary Arteria! 


Pressure in Patients with Chronic Pulmonary Disease 


By Joun B. Jounson, M.D., M. IRENE Ferrer, M.D., Joun R. West, M.D., 
AND ANDRE CouRNAND, M.D. 


Detection of right ventricular hypertrophy during life has often been exceedingly difficult. In a 
group of 40 patients with pulmonary artery hypertension either at rest or during exercise, in whom 
right ventricular hypertrophy of varying degree could therefore be anticipated, an attempt is made 
to correlate the pulmonary hypertension and the electrocardiographic evidence of right ventricular 


hypertrophy. 


N RECENT YEARS, the progressive de- 
velopments made in electrocardiography 
have stemmed not only from the clearer 
definition of the basic principles involved in the 
electrical excitation process, but also from an 
attempt to correlate the electrocardiographic 
findings with the underlying structural ab- 
normalities. The introduction of the unipolar 
precordial and limb leads in particular have 


prompted extensive investigation into the 
problem of ventricular hypertrophy. 
Until recently, right ventricular hyper- 


trophy, especially in the early stages, has defied 
clinical detection in a large percentage of cases. 
It is not surprising, then, that an attempt to 
define such hypertrophy by electrocardio- 
graphic means has been repeatedly made. Pat- 
terns held to be typical of right ventricular 
hypertrophy have been reported by several in- 
vestigators.'~* Correlation of these patterns 
with autopsy findings has also been reported.*: § 

No satisfactory method has been devised so 
far to evaluate the degree of hypertrophy in the 
right ventricle in patients during life. With the 
advent of the catheterization technic,* how- 
ever, it is now possible to detect even early 
pulmonary hypertension in man. Hypertrophy 
of the right ventricle may be anticipated as a 
consequence of sustained pulmonary arterial 
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hypertension; the extent of this hypertrophy 
depends largely upon the duration and degree 
of the hypertension. 

From the clinical and experimental points of 
view, therefore, it would be of interest to know 
whether any correlation exists between the pul- 
monary arterial pressure and electrocardio- 
graphic evidence of right ventricular hyper- 
trophy. In this report such a study has been 
undertaken in a group of patients with chronic 
pulmonary disease. 


MATERIAL FOR STUDY 





The diagnoses in the 40 patients on whom this 
study is based included silicosis, silicotuberculosis, 
diffuse pulmonary fibrosis, obstructive emphysema, 
bronchial asthma, pulmonary arteriolar sclerosis, 
and pneumonectomy for suppurative disease of the 
lung or bronchogenic carcinoma. Patients with ob- 
vious mitral stenosis or left ventricular failure were 
excluded. 


PROCEDURE 


Electrocardiographic studies were made during 
the course of an investigation of patients with 
chronic pulmonary disease in whom cardiopulmo- 
nary function was studied. The pulmonary arterial 
pressure was recorded by means of a Hamilton mano- 
meter, using the right heart catheterization technic. 
Mean pressure was determined by planimetric 1- 
tegration of the area under the pressure curves. 1 |\e 
reference point for right heart pressures was taken 
5 em. below the sternal angle (angle of Lou.-). 
In some of the patients in whom the resting } #!- 
monary arterial pressures were normal or ©. 'y 
slightly elevated, these pressures were again 
corded at intervals during a ten-minute period of 
moderate leg exercise. The upper limits of the I 
‘monary arterial pressure found in this laborat.'y 





()- 
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‘sBLE 1.—Clinical and Physiologic Findings in Nine Cases of Chronic Pulmonary Disease with Pulmonary 


Case 


12). Male 61 

121. Male. 54 

135. Male. 39 

191. Male. 21 
\ rs 

199. Female 18 
yrs 

128. Male. 43 
yrs 

185. Male. 27 
vrs 

183. Female. 
43 yrs. 

501 


32 yrs. 


Female. 


Arterial Mean Pressure Less than 15 mm. Hg* 


Diagnosis 


Post-pneumonectomy 10 mos.: 


for suppurative pneumonitis. 


Post-pneumonectomy 6 yrs.: for 
tuberculous bronchial stenosis. 
Post-pneumonectomy 7 yrs.: for 


bronchiectasis. 
Post-pneumonectomy 10 
for lung abscess. 
Post-pneumonectomy 12 
for bronchiectasis. 
Healed hematogenous 
culosis for 1 vear. 


yrs.: 


VISs: 


Diffuse pulmonary fibrosis. 


Diffuse pulmonary fibrosis; pul- 


monary emphysema. 


Pulmonary granuloma, beryllium 


exposure. 


tuber 


Duration of 
Symptoms 


No symptoms 
No symptoms 
No symptoms 
No symptoms 
No symptoms 
2 mo. before 
therapy 
9 mo. 


14 mo. 


5 yr. 


- & 100t 


RA 
Tr 


31 


26 


18 


14 


49 


19 


* None of these patients had ever developed right heart failure. 
+ The ratio of residual air to total capacity (RA/TC X 100) in the normal lung is less than 35 per cent. A ratio 
above 35 per cent indicates pulmonary emphysema. 


TABLE 2. 


Case Number 


126 
124 
135 
491 
199* 
$28 
185 
183 
501 


this 
+ 


oup. 


i nermal subjects is 30/10 mm. Hg with a mean 


Pulmonary Arterial Pressures (mm. Hg) 


Art. Oxy.) 


After Exercise 





Hb. Sat. At Rest 
s/D | Mean | S/D | Mean 
1 17/5 10 | 
| 
97 28/10 15 55/17 | 28 
| 
95 23/7 12 34/10 18 
100 23/7 12 35/19 | 24 
96 18/9 12 23/14 17 
94 15/5 10 20/5 12 
95 18/7 11 30/11 23 
96 19/10 13 43/23 | 33 
96 24/9 15 26/9 18 





Electrocardiographic Findings in Nine Cases of Chronic Pulmonary Disease with Pulmonary Arterial 


Mean Pressure Less than 15 mm. Hg at Rest 


R/S Ratio 
V3r Vi V5 
0.50 6.00 
0).24 3.20 
0.17 0.17 5.20 
0.20 
1.70 1.30 
0.22 0.26 12.50 
0.31 0.29 4.30 
0.1 0.16 0.17 
0.22 0.25 27.00 


pres-\ire of 15 mm. 


le electrocardiograms were recorded immedi- 
¢ 1] o m . . 
tel before and after catheterization by means of a 
Car bridge string galvanometer. The leads taken 


Precordial Leads 


Onset of Intrinsicoid Deflection (Seconds)) Mean Electrical Axis 


_ 
bo 


2.00 
.30 
.00 
(24.00)f 
1.70 


— 
ow 


6.50 
+.20 
12.00 


Vir 


0.010 
0.040 


0.015 
0.018 


Vi V6 

degrees 

*0.013 0.050 +65 
0.018 0.028 +6 
0.017 9.041 +86 
0.014 (0.040) + +103 
0.052 0.046 +83 
0.023 0.044 +13 
0.018 0.024 +84 
0.015 0.033 +10 
0.018 0.057 +60 


"Case 499 with an rsR’ complex in V3x and V; shows the only anomalous electrocardiographic findings in 


included standard limb leads, augmented unipolar 


extremity leads, and precordial leads Vir, Vsr, and 





V, through V; using the central terminal of Wilson. 
The analysis of the electrocardiograms included 
measurement of the R/S ratio and the onset of the 


TaBLe 3.—Clinical and Physiologic Findings in Twenty Cases of Chronic Pulmonary Disease with Pulmonary 
Arterial Mean Pressure 18 to 30 mm. Hg 


Pulmonary Arterial Pressures (mm. Hy 


Diagnosis Duration of Symptoms At Rest After Exerci 


471ft. Female. 
55 Vrs. 


474. Female. 
23 yrs. 
441. Male. 51 


yrs. 


528.t Male. 5: 


yrs. 


489. Male. 
yrs. 

526. Male. 
yrs. 

468. Male. 


yrs. 


458. Male. 
yrs. 

465. Male. 
yrs. 


496.t Male. 5 


yrs. 


467. Male. 
yrs. 
423. Male. 
yrs. 
430. Male. 
yrs. 
515. Female. 
yrs. 
464. Male. 
yrs. 
463. Male. 


yrs. 


443. Male. 


yrs. 


521. Female. 2: 
yrs. 

436. Male. 
yrs. 

451. Male. 51 


yrs. 


*RA 
TC 


pear in table 5 at the time of the original study when the pulmonary artery pressures were very high. 
recovery from right heart failure. 


§$ Cor pulmonale, Bronchial 
asthma, Chronic bronchi- 
tis, Pulmonary emphy- 
sema. 

Bronchial asthma, Pulmo- 
nary emphysema. 

§Cor pulmonale, Bronchial 
asthma, Chronic obstrue- 
tive pulmonary emphy- 
sema. 

§ Cor pulmonale, Bronchial 
asthma, Chronic pulmo- 
nary emphysema. 

Chronic obstructive pulmo 
nary emphysema. 

Chronie obstructive pulmo- 
nary emphysema. 

§$ Cor pulmonale, Chronic 
obstructive © pulmonary 
emphysema. 


Silicosis 


Silicosis, Chronic obstruc- 
tive pulmonary emphy- 
sema. 

§ Cor pulmonale, Silicosis, 
Chronie obstructive pul- 
monary emphysema. 

Silicosis, Pulmonary emphy- 
sema. 

Silicosis, Chronic pulmo- 
nary emphysema. 

Silico-tuberculosis. 


Diffuse pulmonary fibrosis. 

Diffuse pulmonary fibrosis. 

Postpneumonectomy 10 yrs. : 
for carcinoma of bron- 


chus, Pulmonary emphy- 
sema. 


Postpneumonectomy 1} yrs.: 


for carcinoma of bronchus, 

Pulmonary emphysema. 
Scleroderma with pulmo- 

nary involvement. 
Bronchiectasis. 


Fibrothorax following hemo- 
thorax. 


= Ratio of residual air to total capacity. 


10 yr. 


15 vr. 


‘Several vears”’ 


3 yr. 
13 yr. 


5 yr. 


538 


7 Right ventricular pressure. 


s/D 


37/17 


30/13 


51/12 


28/12 


33/11 
30/13 
29/13 
32/12 
29/8 


30/13 


30/11 


Mean $/D 


20 


35/13 


44/24 


49/12 


46/17 


M 


24 


31 


t These patients also 


p- 


§ Rec nt 
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int insicoid deflections in the precordial leads, the 

ele trocardiographic position of the heart, and the 

men electrical axis. The latter was determined by 

th Einthoven triangle analysis using the algebraic 
of the R and S waves in Leads I and ITI. 


rocardiographic Criteria 


right precordial leads was late in the QRS interval 
and usually later than the onset of those from the 
left precordial leads. The onset of the intrinsicoid 
deflection is the time interval from the beginning of 
the QRS complex to the peak of the R wave. It is 
said to represent the instant the excitatory process, 


traveling from the endocardial surface, reaches the 
epicardial surface of the myocardium underneath the 
exploring electrode. In this study it was measured 


ie electrocardiographie criteria for the diagnosis 
cht ventricular hypertrophy used in this study 


i 4.—Electrocardiographic Findings in Twenty Cases of Chronic Pulmonary Disease with Pulmonary 
Arterial Mean Pressure 15 to 30 mm. Hg at Rest 


Precordial Leads 


se Number R/S Ratio Onset of Intrinsicoid Deflection (Seconds); Mean Electrical Axis 


v1 ‘5 V6 Vir V, V6 

degrees 
hg 22.00 0.023 0.015 0.053 0 
474 ; : 5.50 0.022 0.028 +71 
441 : ; , 1.40 0.016 0.035 +105 
528*f 2. : 28 0.44 (0.047)§ 0.019 +163 
189 ; Z 2. 3.00 0.024 0.026 0.046 +85 
526 ; 2.00 0.014 0.021 +78 
168 : : 3.00 0.021 0.034 +60 
158 18 a; 20.00 0.015 0.042 +22 
465 .08 1.75 0.026 0.029 +110 
496 00 18 1.20 0.061 0.016 +100 
467 24 “2 1.61 0.018 0.032 +98 
423 : .25 ; 10.00 0.066 0.071 0.024 +100 
430 , 15 4. 2.50 0.014 0.028 +54 
515 ; 32 15.00 0.019 0.030 +40 
164 ; 50 i 10.00 0.017 0.042 —8 
163 14 3.8 2.30 0.010 0.027 —18 
143 .25 2. 4.00 0.025 0.036 +68 
521 : 12.00 0.013 0.030 +52 
45] ll 20.00 10.00 0.028 0.028 +44 
136 0.08 5.00 4.00 0.018 0.027 +72 


* These patients appear in tables 5 and 6 at the time of the original study when the pulmonary artery pressures 
were very high. 
+ The only case in this group showing electrocardiographic patterns of right ventricular hypertrophy. (See 
tables 5 and 6.) 
rsh’ complex in Leads Vsx and Vi. 


py 


by projecting the QRS complex along with the time 
lines on a screen and measuring the time interval. 

The onset of the intrinsicoid deflection in Leads 
Vzr and V, used in this study were as follows: in 
normals 0.01 to 0.023 second; in right ventricular 
hypertrophy 0.03 to 0.05 second; in incomplete 
right bundle branch block 0.05 to 0.075 second, and 
in complete right bundle branch block 0.075 second 
and above. 

(ce) Notching or double peaking of the R wave in 
Lead V, is absent except when the R wave is pre- 
ceded by a Q wave. 

(d) The total QRS time is less than 0.12 second. 


are based on the findings of Wilson and associates, ? 
which ere confirmed and amplified by Goldberger? 
and by Myers and co-workers.‘ According to these 
findinys three general patterns have been described: 

l. In the first pattern, characteristic changes are 
seen h Leads Vor, Vi, Vs, and Ve. 

(a) Che ratio of the amplitude of R to S is greater 
than «ne in leads from the right precordium (V sr. 
Vi, 0) both), while the corresponding ratio in leads 
from he left precordium (V; and V¢) was less than 
that »om V3x and V,; and frequently less than one, 
with » prominent S wave in Vs. 

(b. The onset of the intrinsicoid deflection in the 
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TABLE 5.- 


507. Male. 38 yrs. 


471. Female. 55 yrs. 


528. Male. 52 yrs. 


529. Male. 48 yrs. 


413. Female. 60 yrs 


478. Male. 36 yrs. 


452. Male. 49 yrs. 


490. Male. 65 yrs. 


334. Male. 49 yrs. 


487. Male. 54 yrs. 
496. Male. 55 yrs. 


415. Male. 60 yrs. 


469. Female. 42 yrs. 


472. Male. 6 yrs. 


*RA 
TC 


Arterial Mean Pressure above 30 mm. Hg at Rest 


Diagnosis 


t Cor pulmonale, bronchial 
asthma, pulmonary em- 
physema 

t Cor pulmonale, bronchial 
asthma, polyeythemia 

t Cor pulmonale, bronchial 
asthma, polyeythemia, 
chronic obstructive pul- 
monary emphysema 

t Cor pulmonale, bronchial 
asthma, pulmonary fibro- 
sis 

§ Diffuse pulmonary fibro- 
sis 

§ Diffuse pulmonary fibro- 
sis 

+ Cor pulmonale, chronic 
obstructive pulmonary 
emphysema 

tCor pulmonale, chronic 
obstructive pulmonary 
emphysema, pulmonary 
fibrosis, polyeythemia 

tCor pulmonale, chronic 
obstructive pulmonary 
emphysema, pulmonary 
fibrosis 

+ Cor pulmonale, silicosis 

t Cor pulmonale, silicosis, 
chronic obstructive pul- 
monary emphysema 

t Diffuse pulmonary fibro- 
sis, arteriosclerotie heart 
disease 

+ Patent ductus arteriosus, 
pulmonary arteriolar 
sclerosis*** 

§ Primary pulmonary vas- 
cular disease 


= Ratio of residual air to total capacity. 


** Right ventricular pressure. 

*** Confirmed by autopsy. 

t Recent recovery from right heart failure. 
t In right-sided heart failure. 


in figure 5. 


§ History negative for right heart failure. 


A typical illustration of this pattern can be seen 


2. In the second pattern the characteristic find- 


ings are present in V3x while Leads V; through V, -- 


Duration of Symptoms 


25 yr. 


20 yr. 


20 yr. 


20 yr. 


5 yr. 


2 yr. 


to 
ta 
= 


18 yr. 
“Several years’ 


oa X 100* 
a 


46 


40 


43 


Art. Oxy. 
Hb. Sat. 


61 


63 


88 


90 


70 


89 
76 


93 


94 


90 
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Clinical and Physiologic Findings in Fourteen Cases of Chronic Pulmonary Disease with Pulmona 


Pulmonary Arteria 
Pressure (mm. Hg 


$/D 


68/37 


64/29 


71/36 


74/32 


54/20 
60/19 


45/21 


61/23 


110/7** 


43/19 
61/30 


63/30 


133/51 


91/41 


Mea 


44 


49 


46 


34 


32 


31 


36 


34 
41 


46 


83 





show no changes suggestive of right ventriculs 


hypertrophy. In this pattern Lead V;x shows tl 
characteristic prominent R wave, with a delaye 
onset of the intrinsicoid deflection. The S wave 





: 
: 
q 
: 
z 
: 
i 
: 
% 
; 
¥ 
: 






Case Number 


507 
471 
528 
529* 
413 
478 
452 
490* 
334 
487* 
496* 
415 
469 
472 


-~ 
o 


“Ie & bo 


41 
10 


.85 
.60 
.50 
00 
.50 
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1 


0. 


R/S Ratio 
Vs 

.00 

14 1.30 
.00 0.06 
.80 

ae 1.10 
.90 .50 
.30 1.20 
.00 

00 

.93 1.10 
.75 0.69 
.60 0.80 
.20 0.60 
.95 0.65 


*rsR’ complexes in right precordial leads. 











Precordial Leads 





Onset of Intrinsicoid Deflection 
(Seconds) 


Vir 
0.047 


0.055 


Vi 








0.056 
0.011 
0.042 
0.051 
0.015 
0.052 
0.021 
0.066 
0.000 
0.069 
0.058 
0.044 
0.049 
0.034 





Ve 


0.034 
0.029 
0.019 
0.026 
0.026 
0.037 
0.014 
0.036 
0.020 
0.036 
0.012 
0.021 
0.037 
0.019 





Axis 


degrees 
+166 
+74 
+162 
+110 
to 
+104 
+99 
+50 
+144 
+74 
+100 
+120 
+106 
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T site 6.—Electrocardiographic Findings in Fourteen Cases of Chronic Pulmonary Disease with Pulmonary 
Artery Mean Pressure above 30 mm. Hg at Rest 


Mean Electrical 








Fic. 1.—Electrocardiogram of Patient 334. An example of the third pattern of right ventricular 
hypertrophy. (See text for discussion and table 4 for measurements.) 
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Lead V3x is absent and the QRS time is less than 
0.12 second. 

3. The third pattern, listed as presumptive evi- 
dence of right ventricular hypertrophy by Myers 
and associates,’ is characterized by a prominent 8 
Wave persisting in leads over the left ventricle 


Fic. 2. 


AND PULMONARY HYPERTENSION 


of patients whose pulmonary artery mean prvs- 


sure at rest was between 15 and 30 mm. lig; 
and a group consisting of patients whose pul- 
monary artery mean pressure at rest exceeded 


30 mm. 


Electroeardiogram of Patient 334 made ten months following that of figure 1. Note the 


change from the third pattern (fig. 1) to the first pattern. In Lead V, the R/S ratio is 2.7 and the 


onset of the intrinsicoid deflection is 0.038 second. 


(usually V, through Vs); a prominent R wave in 
Lead aVp, whose amplitude was abnormally large 
in relation to that of the associated downward 
deflection, while leads from the right precordium 
are within normal limits. 


RESULTS 


In the preliminary examination of the mate- 
rial it was seen that, with a single exception, no 
right ventricular hypertrophy patterns oc- 
curred in patients whose pulmonary artery 
mean pressure at rest was less than 30 mm. 
mercury. This observation led to the arbitrary 
division of our cases into three groups: a group 
consisting of patients who had normal pulmo- 
nary arterial pressure at rest; a group consisting 


Electrocardiographic Findings in Patients 
with Normal Pulmonary Arterial Pressures at 
Rest. The clinical diagnosis, pulmonary arterial 
pressures, electrocardiographie findings, and 
other significant data in this group of 9 patients 
are summarized in tables 1 and 2. Eight of 
these patients were studied both at rest and 
while doing moderate leg exercise. Six of the 
8 had a distinct rise in the pulmonary arte! 

pressure above normal during the exerc - 
period. The only significant anomaly in | 

electrocardiograms was found in Patient 4 

and consisted of an rsR’ complex in Lead V; 

the incomplete right bundle branch type. T!:is 
patient had only a very small elevation of 1): 


SALE Ri ia it Bin ccwe te 
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pulmonary artery mean pressure above normal 
wit) exercise. The other patients all showed 
norinal electrocardiograms. 
|-lectrocardiographic Findings in Patients with 
Puimonary Artery Mean Pressure From 15 to 
30 .m. Hg at Rest. This group consisted of 20 


Fia. 3. 


patients with various types of chronic pulmo- 
nary disease. The data on these patients are 
summarized in tables 3 and 4. It is to be noted 
fron. table 3 that several of the patients in this 
group had moderate to severe chronic pulmo- 
har’ emphysema as indicated by an elevated 


ratio of the residual air volume to the total lung 
volume.’ In 6 of these patients the pulmonary 
arterial pressure was also recorded during 
moderate leg exercise. During the exercise 
period the mean pressure rose from an average 
of 19 mm. Hg to an average of 30 mm. None of 


Klectrocardiogram of Patient 490 shows the first pattern of right ventricular hyper- 
trophy. R/S ratio of 4.0 and 0.6 in Leads V; and V; respectively, with corresponding onset of in- 
trinsicoid deflections of 0.047 and 0.028 second. 


the three electrocardiographie patterns which 

have been used as criteria of right ventricular 

hypertrophy was found in 19 of the 20 cases in 

spite of the hypertensive state of the pulmo- 

nary circulation. Two of the 19 patients showed 
/ e yr . 

an rsR’ complex in Lead V3z with a delayed 
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onset of the intrinsicoid deflection (Patients None of these patients was exercised during the 
423 and 496). In the remaining patient (528), study. Eight of the 14 patients showed elect;o- 
a pattern of right ventricular hypertrophy per- cardiographic patterns characteristic of right 
sisted after the pulmonary artery mean pres- ventricular hypertrophy. Of these 8, 7 had 


sure had fallen from 49 to 24 mm. with treat- electrocardiograms which were typical of ‘he 





Fig. 4.—Electrocardiogram of Patient 490 made ten days following that of figure 3 at the time 
of cardiac catheterization. Note change from the first pattern (fig. 3) to the rsR’ pattern in the right 
precordial leads. (See table 6 for measurements.) 





ment. This patient also appears in the final first pattern of the criteria. The other patient 7 
group of 9 patients with very high pulmonary (334) showed the third pattern at the time of : 
arterial pressure and will be taken up later in catheterization (fig. 1). An electrocardiogram 7 
the discussion. of this patient made ten months later showed i 
Electrocardiographic Findings in Patients with a change from the third pattern to that of the 7 
Pulmonary Artery Mean Pressure Exceeding 30 first pattern (fig. 2). None of the patients 7 
mm. Hg at Rest. The data on these fourteen showed the electrocardiographic findings «e- 


patients are summarized in tables 5 and 6. scribed in the second pattern. Of the remainiig | 7 
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§ patients, 4 showed electrocardiographic pat- 
terns with rsR’ complexes in the right-sided 
precordial leads. These findings were inter- 
preied as indicating incomplete right bundle 
branch block. One of these 4 subjects (490), a 
patient with severe obstructive emphysema 
and pulmonary fibrosis, is of particular interest. 
Qn admission to the hospital he had severe 
arterial oxygen unsaturation, polycythemia, 
and right-sided heart failure. At that time 
the electrocardiogram (fig. 3) showed typical 
features of right ventricular hypertrophy (the 
first pattern of the criteria). About ten days 
later the electrocardiographic pattern (fig. 4) 
had changed to that of an incomplete right 
bundle branch block. The initial catheteriza- 
tion was performed after this change occurred 
and when the arterial oxygen unsaturation, 
polycythemia, and right heart failure were still 
severe. The pulmonary artery mean pressure 
at this time measured 36 mm. mercury. The in- 
complete right bundle branch block pattern has 
remained over a six months’ period irrespective 
of whether the patient was in more or less 
severe right heart failure. The electrocardio- 
grams of the remaining two patients of the 
group failed to show patterns either of right 
ventricular hypertrophy or of incomplete right 
bundle branch block (Patients 413 and 471). 


Discussion 


The data presented are of particular interest 
with regard to: (1) the degree of pulmonary 
arterial pressure elevation in relation to the 
electrocardiographic findings; and (2) the sig- 
nificance of the high incidence of the rsR’ com- 
plexes in the right-sided precordial leads in this 
group of patients with chronic pulmonary dis- 
ease. 

Night of 9 patients with normal pulmonary 
arterial pressure at rest were exercised during 
the study. Six of the 8 developed an elevation of 
the pulmonary arterial pressure during the 
exercise period. This response probably indi- 
cales a restriction in the pulmonary vascular 
bei of these patients, since it has been demon- 
stiuted that the pulmonary arterial pressure 
docs not rise significantly during severe leg 
e\creise in the normal subject.8 The electro- 
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cardiograms in this group of patients showed 
none of the three patterns which have been 
identified with right ventricular hypertrophy. 
Whether one would anticipate the development 
of right ventricular hypertrophy with the inter- 
mittent type of pulmonary hypertension seen 
in this group is open to question. In the second 
group, however, the pulmonary disease was 
more severe, as indicated by a significant pul- 
monary arterial hypertension present even at 
rest, and by the moderate to severe degree of 
arterial oxygen unsaturation in a large pro- 
portion of the cases. It appears probable that 
some patients in this group had hypertrophy of 
the right ventricle. The fact that the electro- 
cardiograms showed none of the accepted pat- 
terns identified with right ventricular hyper- 
trophy and the fact that no single additional 
electrocardiographic abnormality common to a 
majority of these patients was found, may sub- 
stantiate the point of view expressed originally 
by Wilson and associates? that the electrocar- 
diogram probably does not reflect moderate 
degrees of right ventricular hypertrophy. 

It is clear from the data on the patients in 
the first and second groups that the absence of 
electrocardiographic patterns identified with 
right ventricular hypertrophy cannot be used to 
rule out the possibility of significant hyperten- 
sion in the lesser circulation in patients with 
chronic pulmonary disease. However, in each 
of the eight patients who demonstrated electro- 
cardiographic patterns of right ventricular 
hypertrophy the pulmonary artery mean pres- 
sures at rest exceeded 30 mm. mercury. Al- 
though the series is small, these data suggest 
that in patients with chronic pulmonary dis- 
ease, the presence of an electrocardiographic 
pattern of the right ventricular hypertrophy 
type will be associated with a marked degree of 
pulmonary arterial hypertension. The data in 
this last group also indicate that in some cases 
pulmonary arterial hypertension of marked 
degree may not be associated with electrocardi- 
ographie patterns of the right ventricular 
hypertrophy type (Cases 413 and 471). In this 
connection it should be pointed out that in 
occasional patients with significant right ven- 
tricular hypertrophy as demonstrated at 


autopsy, recent electrocardiograms failed to 






546 RIGHT VENTRICULAR HYPERTROPHY AND PULMONARY HYPERTENSION 


show patterns identified with right ventricular 
hypertrophy.‘ 

In correlating pulmonary arterial hyperten- 
sion and electrocardiographic findings, ade- 
quate consideration must be given to the ana- 
tomical position of the heart as it may be 
altered by surrounding pathological processes 
and by the presence of severe heart failure. 
Erroneous conclusions may be reached regard- 
ing the presence or absence of a right ventricu- 
lar hypertrophy pattern in a given patient if 
the anatomic position of the heart is not 
properly evaluated. The complexity of this 
problem is well illustrated in Cases 471 and 
528. Patient 471, a 55 year old woman, ap- 
peared to have a typical case of cor pulmonale 
with signs of right heart failure, marked degree 
of arterial oxygen unsaturation, severe poly- 
cythemia, and high cardiac output. Following 
repeated phlebotomy, digitalis therapy, use 
of bronchodilators and diuretics, the clinical 
state of the patient was improved and she be- 
came ambulatory. Pulmonary arterial pressure 
recording and electrocardiographic studies were 
made when the patient was in failure and after 
recovery. During this eight-week period the 


pulmonary artery mean pressure fell from 44 
to 20 mm. mercury. At no time did the patient 
show characteristic electrocardiographic find- 
ings of right ventricular hypertrophy, but she 
did show significant changes in the electrical 
axis, the R/S ratio, and in the onset of the 


intrinsicoid deflections. The angle alpha 
changed from plus 74 to zero degrees; the R/S 
ratio in Lead V¢ increased from 2.8 to 22.0; and 
the onset of the intrinsicoid deflection in Lead 
Ve increased from 0.026 to 0.053 second. In 
order to explain these changes it should be 
noted that during the first study when severe 
right heart failure was present, the heart was 
vertical with marked clockwise rotation about 
the longitudinal axis, and the transitional zone 
between the two ventricles was shifted far to 
the left (Vs). Presumably Lead V¢ of the first 
series of tracings was dominated by the poten- 
tial variations of the right ventricle rather than 
the left, and thus accounted for the short onset 
of the intrinsicoid deflection in this lead. After 
full compensation the heart resumed a hori- 
zontal position with counterclockwise rotation. 


In the electrocardiogram of the second study 
the dominant influence in Lead Vs probably is 
the left ventricle, which is responsible for the 
increased voltage of the R wave and the lator 
onset of the intrinsicoid deflection. 

The other case which illustrates the impor- 
tance of the position of the heart on the electro- 
cardiogram is Case 528. The patient, a 52 year 
old man with a history of persistent bronch al 
asthma of twenty years’ duration, entered te 
hospital with severe right heart failure. Cathe- 
terization studies at that time showed a pul- 
monary artery mean pressure of 49 mm. mer- 
cury. The arterial oxygen saturation was 61 
per cent and the patient had polycythemia. 
The electrocardiogram at this time revealed a 
typical pattern identified with right ventricu- 
lar hypertrophy, a semivertical electrocardio- 
graphic position of the heart, and a mean elec- 
trical axis of plus 162 degrees (fig. 5). After two 
weeks of therapy, when the patient was greatly 
improved clinically, the second study showed a 
fall in the pulmonary arteria) pressure from 49 
mm. to 24 mm. and an increase in arterial 
oxygen saturation to 91 per cent. The electro- 
cardiogram (fig. 6) showed no significant change 
in the electrocardiographic position or in the 
mean electrical axis, but the tall R wave and 
the large R/S ratio had disappeared from Leads 
V, and V3x. In an attempt to explore the entire 
precordium over the right ventricle, additional 
precordial leads were taken from the third 
through the fifth intercostal spaces, medial to 
position Vip. These still failed to show the pre- 
viously demonstrated R wave and large R/S 
ratio. However, when precordial leads were 
taken lateral to position Vir (Vsr, Ver, Vir) 
they revealed the characteristic large R/S ratio 
and the tall R wave with a delayed onset of the 
intrinsicoid deflection. These observations sug- 
gest that some mechanism other than hyper- 
trophy of the free wall of the right ventricle is 
responsible for this pattern identified with 
right ventricular hypertrophy, as has been 
suggested by Kossman.? Although — these 
changes occurred in the precordial leads the 
prominent 8 wave in Lead Vs and the dominant 
R wave in Lead aVa, usually found in electro- 
cardiographic patterns of right ventricula 
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hypertrophy, remained characteristic in this 
patient during the entire period of study. As a 
resiilt of this experience, it is proposed that at 
lea~t one precordial lead should be taken at or 
to ‘he right of Vs in studying patients for 
patterns of right ventricular hypertrophy. Had 
no leads to the right of V3p been taken, this 
tracing probably would have been classified as 


dence of right ventricular hypertrophy if leads 
to the right of Vaz are recorded. 

The second point of discussion deals with the 
significance of the high incidence of the rsR’ 
complex in the right precordial leads in this 
group of patients with chronic pulmonary dis- 
ease. In 6 of the 39 patients, rsR’ complexes in 
Leads V3x, Vi, or both, with a total QRS time 


Fic. 5.—Electrocardiogram of Patient 528 is an example of the first pattern of right ventricular 
hypertrophy. The patient has cor pulmonale and was in heart failure. (See table 6 for measurements.) 


coriesponding to the third pattern of the cri- 
teri: and as presumptive evidence of right 
veniricular hypertrophy. This may be the ex- 
planation of the changes observed in Case 334 
(figs. 1 and 2). It is possible that this pattern 
described by Myers and colleaguest may be 
ex) lained on the basis of position of the heart 


ant need not be classified as presumptive evi- 


less than 0.1 second were observed. One of these 
was found in the first (Patient 499), two in the 
second (Patients 423 and 496), and four in the 
third group (Patients 487, 490, 496, and 529). 
A point of interest is the observation that in 
Patient 496 the rsR’ complex was still present 
after the second catheterization when the pul- 
monary artery mean pressure had dropped from 
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4110 18 mm. mercury. This is in contrast to the 
transitory nature of this complex in acute cor 
pulinonale. 

‘the abnormality responsible for the rsR’ 
pat ern associated with a QRS of 0.1 second or 
less has never been fully clarified. Occasionally 
this pattern may be seen in normal hearts!” 
in Which instance the explanation offered by 
some*: ? is that it is due to a rotation of the 
heart in such a way that portions of the right 
heart not ordinarily explored by precordial 
leads are now accessible to the exploring elec- 
trode in positions V,; and V>». In acute cor pulmo- 
nale this configuration may be seen as a transi- 
tory phenomenon? and in coronary disease this 
pattern may also be seen, in which instance it is 
thought to represent incomplete right bundle 
branch block. The rsR’ pattern occurs in pa- 
tients with right ventricular hypertrophy, but 
in this condition it is not known whether it 
represents an incomplete right bundle branch 
block or a phase in the development of the 
right ventricular hypertrophy pattern.': ? Koss- 
mann and associates" have studied some cases 
of right ventricular hypertrophy, using endo- 
rardial leads. They found that the peak of R’ 
in Lead V, occurred simultaneously with the 
peak of the S wave in a lead from the right 
ventricular cavity. Friedland and Sodi- 
Pallares® divide the tracings with the rsR’ 
complex into two groups, the first of which 
shows the electrocardiogram to be otherwise 
normal. The second group shows other electro- 
eardiographie abnormalities aside from the 
rsR’ complex in leads V,; and V2. In the latter 
group, 90 per cent of the patients had some type 
of heart disease and 75 per cent showed right 
ventricular hypertrophy by clinical or by 
autopsy findings. 

Aithough the origin of the rsR’ complex in 
right-sided precordial leads is still uncertain, 
the high incidence of this complex, especially 
in the group of patients with very high pulmo- 
hary arterial mean pressure, suggests some rela- 
tionship of this pattern to right ventricular 
hypertrophy. Added weight is given this 
hy othesis by the changes in the electrocardio- 
gram which occurred in Patient 490 as 
described above (figs. 3 and 4). 

\ final point to be discussed is concerned 


with the possible correlation between the dura- 
tion of the pulmonary disease and the pulmo- 
nary arterial hypertension on the one hand and 
the electrocardiographic findings on the other. 
However, our data do not permit a satisfactory 
analysis of this relationship for the following 
reasons: (1) the insidious onset and slowly pro- 
gressive nature of chronic pulmonary emphy- 
sema and of many cases of diffuse pulmonary 
fibrosis make it difficult to date the onset of 
these diseases; and (2) no data are available in 
these cases with regard to the duration of the 
hypertension. Since the development of right 
ventricular hypertrophy probably is related 
both to the degree as well as to the duration of 
pulmonary arterial hypertension, it is obvious 
that the data presented are incomplete with 
regard to the general problem of pulmonary 
arterial hypertension and electrocardiographie 
patterns of right ventricular hypertrophy. 


SUMMARY 


1. A study of the pulmonary arterial pres- 
sure and of the electrocardiographic findings in 
a group of 40 patients with chronic pulmonary 
disease has been presented. 

2. The electrocardiograms, using unipolar 
precordial and augmented unipolar limb leads, 
were analyzed for patterns identified with right 
ventricular hypertrophy. 

3. With a single exception, none of the pa- 
tients with patterns of right ventricular hyper- 
trophy, as here defined, was observed to have a 
pulmonary artery mean pressure less than 30 
mm. Hg at rest. , 

4. Of the 14 patients whose pulmonary 
artery mean pressure at rest exceeded 30 mm. 
Hg, 8 showed characteristic electrocardio- 
graphic patterns identified with right ventricu- 
lar hypertrophy. 

5. The rsR’ patterns in the right-sided pre- 
cordial leads, of the incomplete right bundle 
branch block type, were found in one patient 
with pulmonary arterial pressure less than 15 
mm. Hg; in 2 patients with pulmonary artery 
mean pressure between 15 and 30 mm.; and in 
4 patients with pulmonary artery mean pres- 
sure above 30 mm. The significance of the high 
incidence of this pattern in patients with 
chronic pulmonary disease was discussed. 
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6. The absence of electrocardiographic pat- 
terns associated with right ventricular hyper- 
trophy does not rule out the possibility of 
moderate or even marked pulmonary arterial 
hypertension. 

7. Striking changes in both anatomic and 
electrocardiographic position of the heart were 
observed in patients after recovery from severe 
right heart failure. For this reason it is sug- 
gested that leads lateral to Lead Viz as well 
as the usual Leads V3p and V, through Vz, be 
taken in suspected cases of right ventricular 
hypertrophy. 


ACKNOWLEDGMENT 


The authors gratefully acknowledge indebtedness 
to Dr. Charles E. Kossmann for helpful suggestions. 


REFERENCES 

1 Witson, F. N., Jounston, F. D., Corrim, N., 
AND RosENBAUM, F. F.: Relations between the 
potential variations of the ventricular surfaces 
and the form of the ventricular electrocardio- 
gram in leads from the precordium and the 
extremities. Tr. A. Am. Physicians 56: 258, 
1941. 

2——, Rosenpavum, F. F., anp Jounsron, F. D.: 
Interpretation of the ventricular complex of the 
electrocardiogram. Advances in Internal Medi- 
cine 2, New York, Interscience Publishers, 1947. 
Pp. 1-63. 

3 GOLDBERGER, E.: An interpretation of axis devi- 


ation and ventricular hypertrophy. Am. Heart 
J. 28: 621, 1944. 

‘ Myers, G. B., Kuern, H. A., anp Storer, B. E£,: 
The electrocardiographic diagnosis of right: ven- 
tricular hypertrophy. Am. Heart J. 35: 1, 1948, 

> Toomas, A. J.: The heart in pneumoconios’s oj 
coal miners. Brit. Heart J. 10: 282, 1948. 

6 CouRNAND, A., Batpwin, J. S., AND Himwet- 
sTEIN, A.: Cardiac Catheterization in (on- 
genital Heart Disease: A Clinical and Physio. 
logical Study in Infants and Children. The 
Commonwealth Fund, New York, 1949. 

7 BaLpwIn, EF. peF., CourNAND, A., AND RICHARDs, 
D. W., Jr.: Pulmonary insufficiency. II!. A 
study of 122 eases of chronic pulmonary em- 
physema. Medicine 28: 201, 1949. 

§ Rivey, R. L., Hiwmenstern, A., Mortey, H. L,, 
WEINER, H. M., anp CourRNAND, A.: Studies of 
the pulmonary circulation at rest and during 
exercise in normal individuals and in patients 
with chronic pulmonary disease. Am. J. Physiol. 
152: 372, 1948. 

* KossMANN, CHARLES E.: 
tion. 

10 GOLDBERGER, E.: Unipolar Lead Electrocar- 
diography. Philadelphia, Lea and Febiger, 1947. 

" KossMANN, C. E., Bercer, A. R., AND BRUMLIK, 
J.: An analysis of causes of right axis deviation 
based partly on endocardial potentials of the 
hypertrophied right ventricle. Am. Heart J. 35: 
309, 1948. 

2 FRIEDLAND, C., AND SopI-PALLAREs, D.: Sobre el 
significado clinico del complejo en ‘‘M”’ en los 
derivaciones precordiales V, vy V2. Arch. Inst. 
eardiol. México 27: 293, 1947. 


Personal communica- 











i 
3 
: 
3 
4 
3 
3 


_ A Comparison of Electrokymography and Roentgenkymog- 
raphy in the Study of Myocardial Infarction 


By StMon Dack, M.D., Davin H. Patey, M.D., anp Marcy L. Sussman, M.D. 


The authors present two cases of myocardial infarction to demonstrate that electrokymography is 
superior to roentgenkymography as a method for detecting localized areas of myocardial damage. 
This superiority is based principally on greater ease of exploration of the ventricular pulsations, 
clearer delineation of the kymographic curve as a result of greater magnification, and more accurate 
analysis of the phases of the cardiac cycle by simultaneous recording and integration with other 


graphic tracings. 


NTIL RECENTLY, _ roentgenky- 

mography provided the only simple 

method of making a radiographic record 
of the movements of the cardiac borders during 
the cardiac cycle. It was found to be most 
useful in the diagnosis of myocardial infarction. 
Previous studies'“* by this method demon- 
strated that myocardial infarction produces 
characteristic abnormalities of left ventricular 
contraction, namely, (1) systolic expansion or 
lateral movement of the left ventricular border 
during systole, and (2) localized diminution or 
absence of pulsation. The former occurs in 
about one-half the cases, the latter in one-third. 
Sustained systolic lateral movement over the 
left ventricular border, with few exceptions, is 
pathognomonic of myocardial infarction, recent 
or healed, but diminution of pulsation is less 
specific and may occur in other types of myo- 
ardial disease. 

The application of roentgenkymography to 
the study of myocardial disease did not become 
widespread for several reasons. Sufficient mag- 
nification of the ventricular movement could 
not easily be obtained and in the presence of 
imp:ired or diminished pulsation it was often 
difficult to analyze accurately the small or 
abnormal movements. Furthermore, since for 
teclinical reasons the x-ray exposure was limited 
to |.0 to 1.5 seconds, only one or two cardiac 
cycles were recorded. This was a disadvantage 
in patients with bradycardia or cardiac ar- 
rhy (hmia. 

llectrokymography is a method in which 
m:iny of the disadvantages of roentgenkymog- 


‘rom the Cardiovascular Research Group, The 
Mount Sinai Hospital, New York, N. Y. 


raphy are minimized. In this procedure the 
movements of the cardiac border are recorded 
in the form of a graphic tracing which resembles 
a pulse curve. The technique of recording and 
analysis has been described previously.*~-* Up- 
ward or positive movement of this curve repre- 
sents lateral or outward movement of the 
cardiac border and downward or negative 
movement represents inward or medial motion 
of the border. By this method one can obtain 
magnification of the cardiac movements up to 
twenty times that of the roentgenkymogram. 
One can also record as many cycles as is con- 
sistent with safety of the fluoroscopic pro- 
cedure. Another advantage of electrokymog- 
raphy is that by means of a four-channel 
recorder? the movements of the cardiac 
chambers and great vessels can be recorded 
simultaneously with other reference tracings, 
including the electrocardiogram, phonocardio- 
gram, carotid or venous pulse tracing, and 
cardiac apex beat. This permits more accurate 
identification of the events during the cardiac 
cycle and more accurate comparison of the 
pulsation of various segments of the cardiac 
borders. 

The clinical usefulness of this newer method 
of kymography will be demonstrated by com- 
parison of electrokymography and roentgen- 
kymography in two cases of myocardial in- 
farction. In both of these cases the presence of 
infarction was not clearly demonstrated by the 
roentgenkymogram. Because of marked dimi- 
nution in the amplitude of the left ventricular 
pulsation, distinct lateral movement was not 
clearly visualized. On the other hand, the 
electrokymogram recorded approximately at 


352 ELECTROKYMOGRAPHY AND ROENTGENKYMOGRAPHY 


the same time presented clear evidence of 
infarction in the form of paradoxical or lateral 
movement during systole. 

As a basis for comparison the appearance of 
the electrokymogram in a normal heart and in 
typical infarction of the left ventricle will be 
described. Figure 1 illustrates the electro- 
kymogram of a normal adult male obtained 
from the middle segment of the left ventricular 
border simultaneously with the phonocardio- 
gram, electrocardiogram (Lead IT), and carotid 
pulse tracing. The film moved at a speed of 100 
mm. per second; the distance between any two 
thin vertical lines represents 0.02 second and 
between any two heavy vertical lines 0.10 
second. It is seen that the isometric phase of 
ventricular systole, marked by the onset of the 
first heart sound, begins 0.06 second after the 
beginning of the QRS complex. This is syn- 
chronous with the onset of a horizontal segment 
in the electrokymogram which lasts for 0.05 
second (fig. 1, lines 1 to 2). A similar short 
horizontal segment is visible in the carotid pulse 
tracing about 0.025 second later, a lag which 
represents the transmission time of the pulse 
wave from the aorta to the carotid pulse 
and through the recording mechanism to the 
galvanometer.* The ejection phase is marked 
by a small upward or lateral movement of the 
kymogram synchronous with the second com- 
ponent of the first heart sound and with the 
systolic rise of the carotid pulse curve. The 
upward movement of the kymogram continues 
for 0.05 second (lines 2 to 3) and is then followed 
by a steep rapid downward (mesial) movement 
lasting for approximately 0.16 second (lines 3 
to 4). It reaches its nadir at the onset of the 
second heart sound and dicrotic notch of the 
‘arotid pulse, which mark the closure of the 
aortic valve (line 4). The curve remains nearly 
horizontal for a period of approximately 0.13 
second during the early part of diastole (lines 4 
to 5). This represents the isometric phase of 


diastole prior to the opening of the mitral valve. 
The curve then rises to its presystolic level, at 


first rapidly (rapid inflow phase of ventricular 


* Hereafter, whenever the timing of the carotid 
pulse is referred to, 0.02 second has been deducted for 
the lag in the recording system. 


filling, lines 5 to 6) and then less rapidly (slow 
inflow phase, lines 6 to 7). 

It is evident that the ventricular kymo- 
graphic curve in this normal case shows no 
movement during the isometric phase of 
systole. There is a short upward (later:) 
movement during the early period of the ejvc- 
tion phase and rapid downward (medial) move- 
ment during the major part of the ejection 
phase. There is only minimal movement during 
early diastole followed by upward (lateral) 
movement during the remainder of diastole, 
which is rapid in its initial portion and less 
rapid in its latter portion. It is to be empha- 
sized that there is lateral movement in early 
systole lasting for 0.05 second. This appears 
paradoxical, since it would point to the oceur- 
rence of ventricular filling instead of emptying 
during early systole. However, it must be 
remembered that the electrokymogram is not a 
true volumetric curve of ventricular contrac- 
tion, but is a complex curve representing not 
only volume changes but also positional changes 
involving the heart during the cardiac 
cycle.>: °'!° The latter may produce an appar- 
ent outward movement of the ventricular wall 
even while the ventricle as a whole is beginning 
to contract. In our experience and in that of 
others* the duration of this initial lateral move- 
ment in systole has not exceeded 0.06 second 
in normal subjects. When the lateral movement 
continues beyond this point, reversal of systolic 
pulsation as seen in myocardial infarction 
should be considered. 

Figure 2 illustrates the typical electro- 
kymographic findings in myocardial infarec- 
tion.’ '' The tracing recorded over the aortic 
knob shows striking similarity to the carotid 
pulse curve, except that the ejection phase 
appears to start 0.03 second earlier.* The 
kymogram of the upper left ventricle shows th« 
onset of downward or mesial movement, repre 
senting ventricular ejection, to be synchronous 
with the systolic rise of the aortic curve. In 
contrast, the lower left ventricular segment 
show sharp upward or lateral movemen' 
synchronous with the medial movement of the 
upper segment and with the lateral aorti 
movement. This represents a systolic out-thrus' 


* Idem. 





‘puodas (T'(Q SOUT] YOIy} ‘puodas ZY'Q JUaSeIdad Sout] [BO 


: WIRIZOIPIVIOI99[9 ‘WeAZOIpsvooUOY YAM ATSNOIULA [NUS poplOdaI LOpLOG AV[NOLIJUBA 4JOT JO WeRIZOWAYO14D9]9 [VULIOS 


| 


oA UIU LT *Sulovsy astnd prjoie9 put 


SESSSSESSE SRS RA REESE TERRE SERSR eee | 


9S oa 


or ’ me 
Wa: a Re | i + + 


a oe 


| 


\ 


| 
a bee 


ee 


oe 
ewes SeNe 


‘ 
» ge? 


wi 
mat rvntenmont!\y, \emtnentmma| 





ed at autopsy, recorded 
of upper left ventricle and 


ion 


cle prov 


tion of left ventri 


There is normal contract 


are 


c 


se. 


atient with inf 


arotid pul 


um of p 


am and ec 


2 
S 
© 
= 
> 
@ 
= 
ie 
S 
oan 
— 
= 
2 
° 
+2 
a 
© 
*5 
S 
S 
_ 
be 
° 
© 
+» 
= 
=| 
ol 
S 
5 
a 
o 
oe 
ND 
o 
oy 
= 
_ 
2 
= 
s 
- 
MM 
- 
ms 
S 
© 
> 
_ 
_ 
© 
= 
2 
S 
mm 
° 
oa 
ve 
° 
~ 
= 
S 
© 
= 
S 
5 
© 
> 
> 
© 
= 
S 
5 
= 
3 
a 
© 
» 
4 


.VENTR. 
nena 


systolic movement). 


lectrokymogr 
ardiogr 


stolic 1 


adoxical 


“4 


2.—E 


ained sy 


sust 
(par 


| 


Fic. 
ith electroc 


w 





| 


o! the ventricular wall (paradoxical movement). 
‘Vhe lateral movement continues until the onset 
© diastole, as marked by the dicrotie notch of 
the aorta. During diastole there is mesial move- 
ment of the ventricle due to the collapse of the 
distended segment (paradoxical movement). 
‘The typical curve of an infarcted ventricular 
s‘gment thus closely resembles the normal 
arterial curve recorded over the aorta. 


Case REPORTS 


Case 1 (589978). 

J. P., a 41 year old man, was hospitalized on 
Dec. 22, 1948, with the classic symptoms and clin- 
ical features of acute coronary occlusion. The electro- 
cardiogram showed findings indicative of acute an- 
terior wall infarction. The patient’s illness ran a 
rather stormy clinical course suggesting extensive 
myocardial infarction. Several weeks after admission 
a visible and palpable precordial out-thrust was 
observed, which in the presence of a muffled and 
distant first sound and a systolic murmur, was sug- 
vestive of a ventricular aneurysm. 

Roentgenkymography was done on March 10, 
1949 (fig. 3). The tracing showed marked diminu- 
tion of pulsation over the lower two-thirds of the 
left. ventricular border. The movements of the ven- 
tricular border were so small that it was impossible 
to analyze them and to determine whether para- 
doxical movement was present. 

Electrokymogram. The electrokymogram (figs. 4 
and 5) recorded the same day over various segments 
of the cardiac border showed the following: 

Aorta (fig. 4): The first heart sound begins 0.08 
second after the onset of the QRS complex simul- 
taneously with a small downward movement in the 
tracing of the aorta and carotid pulse, representing 
onset of the isometric phase of systole. Ejection in 
the aorta and carotid artery, represented by the 
sharp systolie rise of the respective curves, begins 
0.15 second after the onset of the QRS at a point 
corresponding to the end of the first heart sound. 

Mid Left Ventricle (fig. 4): The first heart sound 
(isoinetrie phase) begins 0.08 second after the onset 
of QRS, at which time there is observed a deep down- 
ward (medial) movement of the ventricular curve 
Which lasts for 0.06 second. This deep mesial move- 
ment during the isometric phase is unusual since 
the latter is generally represented by a shallow 
(mesial or lateral) movement or a horizontal segment 
(alsence of movement). The ejection phase, cor- 
res,onding to the middle of the first heart sound and 
th systolic rise of the carotid pulse, is represented 
on the kymographie curve by the onset of a short 
herizontal segment followed by a shallow downward 
movement. The lack of movement or shallow curve 
diring the ejection phase is also abnormal since this 


S. DACK, D. H. PALEY, AND M. L. SUSSMAN 





555 
phase is normally represented by a deep mesial move- 
ment (contraction of the ventricle). Ventricular 
filling is normal and is recorded as a sharp upward 
(lateral) movement beginning synchronously with 
the second heart sound and the dicrotic notch of the 
carotid pulse. 

Lower Left Ventricle (fig. 5): The first heart sound 
begins 0.08 second after the QRS. The onset of rapid 
downward (medial) movement in the kymogram 
actually precedes the first heart sound by 0.02 
second. The isometric phase of the left ventricle is 
thus again represented by a deep mesial movement, 
as was seen in the mid left ventricle. The ejec- 
tion phase begins as a short upward (lateral) move- 
ment lasting 0.08 second and reaching a peak syn- 
chronously with the peak of the carotid pulse. This 
is followed by a second downward (medial) move- 
ment which ends at the onset of the second heart 
sound and dicrotic notch. These findings represent 
a partial reversal of ventricular pulsation with sys- 
tolic expansion in the early phase of systole and 
delayed ventricular contraction. 

Apex of Left Ventricle (fig. 5): This segment shows 
similar findings to those observed over the lower 
left ventricle. The isometric phase is represented by 
a shallow mesial movement beginning at the onset 
of the first heart sound. The ejection phase begins 
synchronously with the second component of the 
first heart sound. During ejection the kymogram 
shows upward (lateral) movement which reaches its 
peak synchronously with the peak of the carotid 
pulse. This is followed by delayed mesial movement 
which occupies the remainder of systole. Thus, in 
this segment, too, there is paradoxical lateral mo- 
tion in early systole and delayed mesial systolic 
movement. 


Case 2 (579924). 

R. P., a 48 year old Negro, was hospitalized be- 
cause of severe progressive congestive heart failure 
of six months’ duration, manifested by marked 
generalized cardiac enlargement, pulmonary con- 
gestion, pleural effusion, and enlargement of the 
liver. The blood pressure ranged constantly between 
120/90 and 130/100. The cause of the heart failure 
was not clear. There was no history suggesting val- 
vular disease or acute coronary occlusion prior to 
the onset of the heart failure. Although only mild 
diastolic hypertension was present and the systolic 
pressure was never observed to be elevated, it was 
believed that the cardiac enlargement and heart 
failure were attributable to antecedent arterial hy- 
pertension and subsequent myocardial infarction. 

The teleoroentgenogram showed marked enlarge- 
ment of the heart particularly to the left. The elec- 
trocardiogram revealed the pattern of left ventricu- 
lar hypertrophy and myocardial damage, but there 
were no findings suggestive of myocardial infare- 
tion in the extremity leads or multiple precordial 
leads. The roentgenkymogram (fig. 6) disclosed 
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560 ELECTROKYMOGRAPHY AND ROENTGENKYMOGRAPHY 


marked localized diminution of pulsation over the 
lower half of the left ventricular border in the 
posteroanterior and left oblique views. This was in- 
terpreted as evidence of severe myocardial disease 
but in the presence of a very large heart it was not 
considered pathognomonic of myocardial infarction. 

Electrokymogram. The electrokymogram (fig. 7) 
showed the following: 

Mid Left Ventricle: The first heart sound begins 
0.06 second after the onset of QRS. At this point 
the kymogram shows a small downward movement, 
representing the isometric phase. This is preceded 
by a more prominent upward (lateral) movement 
and peak, probably produced by auricular contrac- 
tion. The ejection phase, represented by a small 
initial upward (lateral) movement and a prominent 
downward (mesial) movement, begins toward the 
end of the first sound, 0.14 second after the QRS. 
The medial movement continues even after the 
second heart sound and dicrotie notch of the carotid 
pulse, and its terminal portion extends into the iso- 
metric phase of diastole. The peak of the carotid 
pulse occurs at about the middle of the mesial sys- 
tolic movement. The small lateral movement at 
the onset of the ejection phase measures only 0.04 
second. This apparent paradoxical movement is not 
unusual since similar lateral movement measuring 
up to 0.06 second has been recorded in normal in- 
dividuals. The above findings in our experience are 
essentially normal. 

Lower Left Ventricle: The first heart sound be- 
gins 0.07 second after the onset of QRS. At this 
instant the kymogram shows a deep downward 
(mesial) movement lasting 0.06 second, which repre- 
sents the isometric phase of systole. At 0.13 second 
after the onset of QRS, corresponding to the end of 
the first sound, the ejection phase of the ventricle 
begins with a sharp lateral movement which con- 
tinues for 0.10 second until the peak of the carotid 
pulse is reached. This represents a reversal of pulsa- 
tion with systolic expansion in early systole. There 
is only a very small mesial movement in late systole. 
The diastolic phase is characterized by a normal 
early upward (lateral) movement, but after the 
third heart sound there is mesial movement, which 
is again a reversal from the normal configuration. 

It is of interest that when the patient was re- 
admitted to the hospital several months later a 
second roentgenkymogram also demonstrated typical 
localized systolic expansion of the left ventricle. 


DIscUSSION 


In our opinion the diagnosis of antecedent 
myocardial infarction can be made from the 
observation of localized systolic expansion of 
the left ventricle in the electrokymogram or 
roentgenkymogram.?:*:*. "= Such paradoxi- 
‘al movement is represented kymographically 


by lateral movement during systole, which may 
begin during the isometric phase or at the 
onset of the ejection phase, synchronously wit! 
the first heart sound and with the later:| 
systolic movement of the aorta and carotid 
artery. Although such paradoxical movement 
usually is well visualized in the roentgen- 
kymogram it is more striking and distinct when 
recorded by the electrokymogram. This is pavr- 
ticularly true when the paradoxical movement 
is small, as demonstrated in the two cases re- 
ported above. In such instances the abnormal 
ventricular pulsation is better detected with 
the magnification afforded by the electro- 
kymogram and with the aid of the other 
reference tracings. 

Our past studies? * in hundreds of cases of 
myocardial infarction studied kymographically 
have shown that the abnormal ventricular con- 
traction usually is limited to the lower segment 
and apex of the left ventricle, both in the 
posteroanterior and left oblique views. How- 
ever, despite the conclusions reached by 
others," we found that no correlation can be 
made between the site of the abnormal ven- 
tricular movement and the localization of the 
myocardial infarct determined  electrocardi- 
ographically or at autopsy. We have frequently 
observed cases of posterior or basal infarction 
in which paradoxical movement was visible over 
the lower left ventricular border in the postero- 
anterior view.*: * Therefore, exact localization 
of the site of infarction should not be asserted 
from the kymographic findings. Nevertheless 
the extent of distribution of such lateral move- 
ment over the left ventricular border may be a 
guide to the size of the infarct or scar. 

Analysis of the typical electrokymogram in 
myocardial infarction shows that the lateral 
movement which begins in the isometric phase 
or at the onset of the ejection phase is generall) 
sustained for the entire duration of systol 
(fig. 2). It reaches a peak synchronously wit! 
the peak of the aortic kymogram or carotid 
pulse curve and continues until the closure 0! 
the semilunar valves (dicrotie notch). It is ther 
followed by a paradoxical mesial movement! 
during diastole. The paradoxical movemen' 
during systole may not be complete. Instead 0! 
a sustained lateral movement throughou' 
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systole there may be only a transient reversal 
o! the direction of ventricular movement either 
in early or late systole. In the former type, 
which is more common, a short lateral move- 
ment occurs in the early phase of systolic 
jection and is followed by a delayed but 
1ormal mesial movement. In the second type, 
wormal early mesial movement is cut short by 
abnormal lateral movement during the later 
purt of systolic ejection. The two cases dis- 
cussed in this report fall into the first group of 
partial or incomplete systolic expansion. In 
Case 1 (figs. 4 and 5) it was demonstrated that 
lateral movement continued for 0.08 second 
after the onset of ejection and was succeeded 
hy the delayed mesial movement of ventricular 
contraction. Similarly, in Case 2 (fig. 7) there 
was an early sharp paradoxical lateral move- 
ment lasting 0.10 second but the succeeding 
mesial movement was more shallow than in 
Case 1. 

It is of interest that paradoxical ventricular 
movement occurs not only during systole but 
also during diastole. Normally the ventricular 
kymographiec curve shows upward (lateral) 
movement following the isometric phase of 
diastole. This portion of the tracing is steep in 
the early phase and shallow in the later phase, 
corresponding to rapid and slow ventricular 
filling, respectively (fig. 1). However, in the 
presence of paradoxical movement in systole 
when the kymographic tracing is sustained in 
the lateral position until the end of systole, 
diastole is represented by rapid downward 
(medial) movement. This paradoxical medial 
movement may continue during the entire 
diastole (fig. 2) or it may occupy only the 
initial phase of diastole (fig. 7). These findings 
suggest that both contraction and filling are 
abnormal in the impaired ventricular segment. 
The lateral movement during systole represents 
a systolic out-thrust of the weakened ventricu- 
lar wall when intraventricular pressure is raised. 
The abnormal medial movement in diastole 
represents virtually a collapse of the involved 
wall during early diastole which may persist 
until the sueceeding systole or may be transient 
and be followed by varying degrees of ventricu- 
lar filling.'4. 15 
Paradoxical ventricular movement in early 
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systole must be differentiated from the short 
early lateral movement which may occur during 
the isometric or initial ejection phase in normal 
hearts. For this reason accurate determination 
of the onset of the isometric and ejection phases 
is important. The apparatus and method of 
analysis used by us are particularly well suited 
for this purpose, since the ventricular move- 
ment is recorded simultaneously with the 
electrocardiogram, heart sounds, and carotid 
pulse, which furnish a variety of reference 
points in the cardiac cycle. The onset of the 
isometric phase in the electrokymogram is 
fairly easy to determine, since it is generally 
synchronous with the onset of the first heart 
sound. In the same individual the onset of 
the first sound has a fixed time relation to the 
beginning of the QRS complex, so that the 
former can be determined with fair accuracy 
even when the base line is distorted by 
artefacts. 

By contrast there is considerable difficulty in 
accurately localizing the initial point of the 
ejection phase (or termination of isometric 
phase). Various methods have been employed, 
such as correlation with (1) the electrocardi- 
ogram,® which we have found to be inaccurate; 
(2) the second component of the first heart 
sound,’ which is certainly not distinct in every 
case and might lead to gross error; (3) the onset 
of ejection in the aorta and carotid artery,':°® 
which usually begins as a sharp upstroke on the 
tracing. With the latter method one must take 
into account a lag of 0.01 second in transmis- 
sion to the aortte knob, an additional lag of 
0.01 second in transmission to the carotid 
artery, and 0.01 second in the conduction 
system of the recording mechanism. This 
makes a total of approximately 0.02 to 0.03 
second lag between the ventricular kymogram 
and the carotid pulse tracing. 

The usual duration of the isometric phase 
as determined by physiologic methods is stated 
to be 0.04 to 0.06 second.'*: In general, this 
has conformed to the values obtained electro- 
kymographically. Several normal variations of 
the configuration of the isometric phase of the 
left ventricular kymogram have been observed: 
(1) The segment may remain horizontal, indi- 
cating absence of ventricular movement; this 
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is seen in a small percentage of the cases. (2) 
The segment may move upward (laterally) for 
an interval not exceeding 0.05 to 0.06 second. 
(3) The segment may show a shallow down- 
ward (medial) movement before the sharp 
medial movement of ejection. The latter is 
probably the most common configuration. A 
short momentary lateral movement may also 
occur at the onset of the ejection phase as well 
as during the isometric phase. The duration of 
such lateral motion at the onset of ejection has 
been estimated to be 0.06 second or less.’ 
Lateral motion in systole beyond this interval 
should therefore be considered paradoxical. 

The normal lateral movement during the 
isometric and early ejection phases has been 
attributed in part to the contraction of the 
interventricular septum which precedes con- 
traction of the free walls. This may result in 
shortening of the vertical axis of the heart and 
a transient lateral bulge of the free wall.'*-*° 

Finally, it must again be emphasized that 
the kymographic tracings cannot be accepted 
as representative of simple volumetric changes 
within the great vessels or ventricles.5: '® Posi- 
tional changes produced by torsion, traction, 
or pendulum movement of the heart as a whole 
are important factors in the complex curve 
recorded by the electrokymogram. 


SUMMARY 


1. A description is presented of a method of 
recording and analysis of the electrokymogram, 
utilizing simultaneous recording of the electro- 
cardiogram, heart sounds, and carotid pulse 
tracings as reference points to identify the 
events in the cardiac cycle. 

2. The electrokymogram of the left ventricle 
in the normal heart and in the presence of 
myvucardial infarction is described. 

3. The electrokymogram in myocardial in- 
farction often discloses paradoxical (lateral) 
movement of the left ventricular border in 
systole and medial movement in diastole. 

4. The clinical value of electrokymography 
is emphasized by the findings in two cases of 
myocardial infarction, in which the electro- 
kymogram clearly demonstrated these charac- 
teristic abnormalities which the roentgenkymo- 
gram failed to disclose. 





5. The normal variations in the curves of the 
isometric and ejection phases are described to 
minimize or prevent an erroneous diagnosis o/ 
abnormal ventricular movement. 

6. It is emphasized that the electrokymo- 
gram represents a combination of volumetri: 
and complex positional changes. 
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Studies of Plasma Quinidine Content 


I. Relation to Single Dose Administration by Three Routes 


By Ricnarp W. KALMANSOHN, M.D., AND JoHN J. Sampson, M.D. 


The plasma quinidine curves obtained by the oral and intramuscular routes of administration 
of 0.6 Gm. quinidine sulfate and 0.65 Gm. quinidine lactate, respectively, were generally similar. 
Maximal concentration, averaging 3.2 mg. per liter in the former group occurred from one-half 
hour to four hours after administration, and in the latter averaged 2.6 mg. per liter in one to three 
hours. Significant quantity of quinidine remained at eight hours, and small amounts at twenty- 
four hours. Rectal administration of 0.6 Gm. quinidine sulfate resulted in lower concentrations, 
the maximum averaging 0.89 mg. per liter. The chief value of intramuscular quinidine therapy 
appears to be the avoidance of gastrointestinal irritation, but hypotensive reactions were rela- 


tively frequent in the small series of patients studied. 


EVERAL groups of workers have re- 

ported the plasma quinidine concentra- 

tions after the oral administration of 
single doses of quinidine sulfate.'~* In the pres- 
ent study, quinidine sulfate was given orally 
and rectally and quinidine lactate intramus- 
cularly, and the pattern of quinidine concentra- 
tion was determined at various times after 
administration. 

The plasma quinidine content was deter- 
mined by the fluorometric method described 
by Brodie and Udenfriend in 1943.5 The pro- 
cedure consists of adding a fixed volume of 
metaphosphoric acid to a diluted plasma speci- 
men to obtain a protein-free filtrate, and then 
of determining the concentration of quinidine 
in the filtrate by means of a photofluorometer. 

The. patients (table 1) were chosen at ran- 
dom, but with care to exclude anyone with 
gastrointestinal or urinary tract disturbances. 
Plasma samples were obtained prior to the ad- 
ministration of the quinidine and at regular 
intervals thereafter, usually according to the 
following schedule: at fifteen, thirty, and sixty 
minutes, and at two, four, eight, twelve, and 
twenty-four hours. 

The observations in 6 patients using single 
oral doses of 0.6 Gm. of quinidine sulfate (fig. 


Frem the Department of Medicine and Harold 
Brunn Institute for Cardiovascular Research, Mount 
Zion Hospital, San Francisco, Calif. 

Read before the Western Society for Clinical Re- 
search, October 23, 1948, Los Angeles, Calif. 


1) showed maximum plasma quinidine con- 
tents varying from 2.9 to 3.7 mg. per liter with 
an average content of 3.2 mg.; these peak con- 
centrations occurred from one-half to four and 
one-quarter hours after administration of the 
drug, or in an average time of two and one- 
quarter hours. The fall in plasma content of 
quinidine (table 2) occurred at about the fol- 
lowing rates: 55 to 96 per cent of the maximum 
concentration remained in four hours, 42 to 73 
per cent remained in eight hours, and 0 to 22 
per cent was still present in twenty-four hours. 

The above findings are approximately the 
same as those observed by other investigators. 
Wegria and Boyle! gave 4 patients 0.8 Gm. 
and 2 patients 0.6 Gm. of quinidine sulfate 
orally and observed maximum plasma concen- 
trations ranging from approximately 2.0 to 
3.0 mg. per liter in from one to four hours. 
Delevett and Poindexter? administered 1.0 Gm. 
of quinidine to 20 patients and noted maximum 
concentrations varying from 1.48 to 4.32 mg. 
per liter in from three-quarters to four hours. 
Hiatt* gave 10.0 mg. of quinidine per kilogram 
of body weight (approximately 0.70 Gm. to a 
patient weighing 150 pounds) and recorded 
maximum concentrations of from 2.0 to 5.0 
mg. per liter in two to three hours in several 
patients. Linenthal, Ulick, and Patterson’ 
noted average maximum quinidine concentr:- 
tions of 2.0 mg. per liter occurring in from one 
to three hours after doses of 0.6 Gm. of quini- 
dine were administered. Though the quinidine 
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TautE 1—Plasma Quinidine Concentrations in Subjects with Sinus Rhythm after the Administration of Single 
Doses by Oral, Rectal, or Intramuscular Routes 


Time Required 
for Maximum Number of 
















| Height Tat , Maximum Concentration | Hours Quini- 
o Sex | cyears)| {056 | pounds) fram cay | Geet | women, 
7 tration of Quini- Plasma 
dine (hours) 
1-MB M 65 0.6 orally 3.1 2 24 
2-AD M 43 5-5 145 0.6 orally 2.9 4 13 
3-GG F 26 5-8 125 0.6 orally 3.4 43 18 
4-RS M 64 5-6 125 0.6 orally 3.7 24 
5-MM M 63 5-7 170 0.6 orally 3.0 } 24 
6-AY F 59 5-2 155 0.6 orally 3.36 33 24 
7-EG M 73 5-5 132 0.6 rectally 1.1 2 8 
8-KC F 66 5-0 155 0.6 rectally 0.51 33 11 
9-WR M 65 5-6 140 0.6 rectally 0.75 6 12 
10-MG M | 78 | 5-6 | 128 0.6 rectally | 1.19 | 12 
11-ST F 59 5-0 95 0.13 IM 0.43 $ 4 
12-JM F | 70 | 5-1} | 135 0.13 IM 0.85 3 0CU«d;C 
13-RH F 67 $1 | 8 | 0.65 IM 1.76 23 24 
27-JG M 27 5-6 | 106 0.65 IM | 3.45 : 24 
28-MA | F | 59 | 5-4 | 179 0.65 IM 3.20 23 24 
33-KM M | 51 | | 0.65 IM 2.34 3 | 24 
Ovitisine Piosma Level = 
Mg/Liter ——. Level 
5 3 
Quinidine Sulfate 5 Quinidine Sulfate 


M.B. 0.6 gm. Orally 


M.M. 0.6 9m. Orally 





Quinidine Sulfate 
0.6 gm. Orally 


2 Quinidine Suifate 
4.D. 0.6 gm. Oraily 





Quinidine Sulfate 
G.G. 0.6 gm Orally 


w 






6 Quinidine Sulfate 
AY. 0.6 9m. Orally 


5 10 5 20 25 Ss 10 15 20 25 


Fig. 1.—Plasma quinidine concentration curves following the administration of single doses of 
0.60 Gm. of quinidine sulfate orally to each of six patients. 
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concentrations fluctuated among individuals, 
the average concentrations did not show much 
variation when dosages of from 0.6 to 1.0 Gm. 
were given in the above groups of cases. 

Six patients were given quinidine lactate, * 
intramuscularly. Five of these are illustrated 
in figure 2. Of this group, 2 patients received 
0.13 Gm. and showed maximum plasma con- 
tents of 0.85 and 0.43 mg. per liter in three and 
three-quarters and three-quarters hours, respec- 


TABLE 2.—Fall in Concentration of Plasma Quinidine 
after Administration of the Drug by Three Different 
Routes Expressed in Approximate Percentage of 
the Maximum Levels Reached at Various Times 


Max. Conc. 4 Hours 8 Hours 24 Hours 
Reached in| After Ad- | After Ad- | After Ad- 


Case Following ministration ministration ministration 
Hours (Per Cent) | (Per Cent) | (Per Cent) 
Intramuscularly 
13-RH 23 71 45 10 
27-JG 1 94 64 20 
28-MA 2 93 75 25 
33-KM 3 83 83 28 
Orally 
1-MB 2 96 73 22 
2-AD 3 85 42 0.0 
3-GG 43 . 7 9.0 
4-RS 13 87 55 4.0 
5-MM 13 55 45 2.7 
6-AY 33 52 | 12.0 
Rectally 
7-EG | 2s | wm | #4 0.0 
8-KC 33 CSS - | 66 0.0 
9-WR 6 . | so 6 6| (0.0 
10-MG 1 67 | 40 | 0.0 





*Maximum concentrations occurred after the 
four-hour. determination. 


tively. Four patients received 0.65 Gm. each ° 


and the maximum plasma contents varied from 
1.76 to 3.45 mg. per liter with an average of 
2.68 milligrams. The peaks occurred in an aver- 
age of two and one-third hours with a range 
of from one to three hours; this is similar to 
the peak concentrations obtained in those pa- 


*Quinidine lactate was generously supplied by 


Eli Lilly and Co. 


tients who received quinidine orally. The per- 
centage fall from maximum concentrations 
(table 2) was less than for the orally adminis- 
tered quinidine; 71 to 94 per cent remained at 
four hours, 45 to 83 per cent at eight, and 10 
to 28 per cent at twenty-four hours. Assuming 
that these figures are significant, it is possi! le 
that the delay in excretion could be due to 
fixation of quinidine by skeletal muscle, which 
has been demonstrated by Wegria and Boy le! 
to fix about one-third to one-half the quant ity 
of quinidine fixed by cardiac muscle. There was 
more variation of the maximum quinidine 
plasma concentrations among those receiving 
the drug intramuscularly than among those 
receiving it orally. 

In 4 patients who were given 0.6 Gm. of 
quinidine sulfate rectally (fig. 3), the maximum 
plasma quinidine contents varied from 0.51 to 
1.19 mg. per liter, an average of 0.89 mg., with 
peaks at one and one-half to six hours in an 
average time of three and one-quarter hours. 
About 40 to 80 per cent of the maximum con- 
centration was present in eight hours, only a 
trace remained at twelve hours, and none was 
detected at twenty-four hours after the time 
of administration (table 2). 

There was no consistent correlation between 
the weights of patients and the plasma quini- 
dine concentrations. 


SUMMARY AND CONCLUSIONS 


1. The plasma quinidine concentrations ob- 
served when the drug was given by three 
routes, orally, intramuscularly, and rectally, 
were compared. The maximum concentrations 
following the administration by the three routes 
of approximately 0.60 Gm. of quinidine aver- 
aged, respectively, 3.2, 2.68, and 0.89 mg. per 
liter in an average time of two and one-quarter, 
two and one-third, and three and one-quarter 
hours. 

2. The intramuscular route, resulting in ap- 
proximately the same plasma concentration 
curves as when the drug is given by the ors! 
route, would seem to be valuable chiefly when 
quinidine cannot be given orally because of cc:- 
tain patients’ intolerance to the oral admini-- 
tration as evidenced by nausea or diarrhea aiid 
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Mg/Liter 
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28 0.65 gm. Quinidine Lactate IM 
M.A. 


3 
2 
Ephedrine gr. 3/4 
' 
° 
5 10 15 20 25 
Hours 
BP 13595160 150 = 135 
605080 60 80 
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12 0.13 gm. Quinidine Lactate IM 
' JM. 


5 10 15 20 25 
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Fic. 2.—Plasma quinidine concentration curves following the administration of single doses of 
quinidine lactate, 0.6 or 0.13 Gm. intramuscularly, to each of five patients. 
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Fic. 3.—Plasma quinidine concentration curves following the administration of 0.69 Gm. of quini- 


dine sulfate rectally to each of four patients. 
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when nausea and vomiting preclude any oral 
medication. Quinidine can be administered rec- 
tally, but dosages probably two to three times 
those used orally may be necessary to obtain 
equivalent plasma concentrations. 
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Studies of Plasma Quinidine Content 


II. Relation to Toxic Manifestations and Therapeutic Effect 


By Ricuarp W. KaLMANsOoHN, M.D., AND Joun J. Sampson, M.D. 


The gastrointestinal symptoms of quinidine toxicity occurred without relation to plasma con- 
centration, suggesting that most examples are due to individual local gastrointestinal sensitivity 
and some, associated with giddiness, occur only at higher levels and may be due to nervous system 
effects. Tinnitus, visual disturbances and marked hypotension generally occurred at relatively 
high plasma quinidine concentrations. It is suggested that hypotension is due to a nervous system 
effect rather than to myocardial incompetence, but nonetheless warrants cessation of adminis- 


tration. 


ANY forms of quinidine toxicity have 

been noted in the past. Certain of these 

toxic symptoms and signs have been 
assumed to be idiosyncrasies and_ sensitiza- 
tions! ? and others to be related to the amount 
of medication given. One of the purposes of 
this study is to consider whether the symptoms 
and signs are related to quinidine plasma con- 
centrations or to idiosyncrasies and sensitiza- 
tions or possibly to both factors. 

It has likewise been considered worth while 
to record case studies in which the plasma 
quinidine concentrations have been determined 
in patients approximately at the time that 
auricular fibrillation has been converted to 
sinus rhythm. In addition the pattern of quini- 
dine blood levels will be demonstrated in pa- 
tients who received steadily increasing doses of 
quinidine. 

The fluorometric method for measuring the 
plasma concentrations was described by Brodie 
and Udenfriend.’ 

Toxicity 

‘he plasma quinidine contents at which vari- 
ous toxic symptoms and signs were observed 
are illustrated in table 1. In six out of fourteen 
ins' ances among 12 patients in whom quinidine 
Was administered orally in an attempt to con- 
veri auricular fibrillation to sinus rhythm, toxic 
svinptoms and signs were observed. These 
syinptoms and signs fell into three groups. 

‘rom the Department of Medicine and Harold 
Brinn Institute for Cardiovascular Research, Mount 
Zi n Hospital, San Francisco, Calif. 


Read before the Western Society for Clinical Re- 
se rch, October 23, 1948, Los Angeles, Calif. 


The gastrointestinal symptoms were nausea, 
vomiting, and abdominal cramps with diarrhea. 
The amounts of quinidine in the plasma at the 
time when these symptoms occurred varied 
widely, including very low concentrations. This 
probably indicates a local rather than other 
visceral or nervous system influence. 

The second group of symptoms can be 
classed as labyrinthine, and include tinnitus 
and deafness. These occurred early in therapy, 
suggesting unusual susceptibility to cincho- 
nism, but they probably can occur in almost 
all patients if the dosage of quinidine is great 
enough. 

Another series of symptoms can be classified 
under probable central nervous system effects. 
These include diplopia, scotomata or colored 
visual aura, fall in blood pressure, and head- 
ache. Giddiness, although suggesting a cerebral 
effect, may possibly be referred to any of the 
three classified groups. Although a specific toxic 
effect on the myocardium has been claimed as — 
the cause of circulatory collapse, the central 
nervous system origin of precipitant hypoten- 
sion is suggested in past experience in patients 
given quinidine intravenously. Then the blood 
pressure fell concurrently with a depression of 
the respiratory rate and with diplopia, without 
change in cardiac rhythm. Such signs and 
symptoms occurred generally at high concen- 
trations although variations from 0.65 to 14.5 
mg. per liter were noted. Since these symptoms 
are uncommon and do not regularly occur even 
at high plasma concentrations of quinidine, it 
is likely that they represent an individual hy- 
persensitivity of some patients to quinidine. 
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A marked fall in blood pressure is believed 
to be the most serious of the toxic reactions 
since it implies impending circulatory failure. 
Ferrer and co-workers' report frequent  in- 
stances of hypotension with diminished periph- 
eral resistance following oral dosage of 0.8 Gm. 
of quinidine. The occurrence of peripheral au- 
tonomic nervous or local vasodilator influences 
is suggested by this work and cannot be ex- 
cluded as a possible mechanism for the hypo- 
tension following the administration of quini- 
dine. Hiatt,® experimenting with dogs, gathered 


TABLE 1. 
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repeated occasions although not necessarily 2; 
what phase of the treatment. Thus, one of the 
13 patients treated several different times for 
auricular fibrillation manifested diarrhea on 
two occasions at plasma quinidine concentr:- 
tions of 3.5 and 10.8 mg. per liter and tinnit:\s 
at 3.5 and 7.95 mg. per liter, respectively. 
Little evidence of changes in electrocard o- 
grams was noted at about the time of convir- 
sion. One patient (Case 14, c, table 2) showed 
a transient atrioventricular conduction del iy 
with nodal rhythm and a Q-T interval of 0.54 


Plasma Quinidine Concentrations at the Onset of Certain Forms of Toxicity. (Observation of fourteen 


instances of one or more forms of toxicity occurring in six of twelve patients receiving quinidine therapy 
for auricular fibrillation.)* 


Plasma Quinidine Concentrations in mg./Liter 





Evidence of Toxicity Tota 
r 7 i j | fi Case 
0.5-1.9 | 2-4.9 | $7.9 | 8-109 | 11-15 
Gastrointestinal (Local) 
Nausea * 21 * 23 #15, #25 #¥14,¢ 5 
Vomiting #23 1 
Abdominal cramps and diarrhea #15 #14, b #14.¢ 3 
Labyrinthine 
Tinnitus. #14, b, *25 #1l4,c #15 3 
Deafness #15 | 1 
Central Nervous System 
Giddiness. #25 #14, b #15 | 3 
Headache... #21 #23 2 
Scotomas or colored aura #21 #25 2 
Diplopia #25 #15 2 
Fall in blood pressure #23 #25 2 
Total Cases 3 4 4 2 1 


* The number symbol (#) preceding the arabic numerals indicates the case number. 


evidence indicating that the fall in blood pres- 
sure following the administration of quinine or 
quinidine was due in part, at least, to periph- 
eral vasodilatation. 

It is apparent that the symptoms in all of 
these three groups occurred over a wide range 
of plasma quinidine concentrations. This rep- 
resents individual susceptibilities, and it is not 
possible to predict when a patient will develop 
specific toxic symptoms by comparing him to 
another patient. It may be possible to antici- 
pate what symptoms will occur when the same 
patient is observed under quinidine therapy on 





second; on another occasion this same patient 
(Case 14, b) showed a P-R interval of 0.24. 
One patient (Case 15) had a P-R interval of 
0.25. Another patient (Case 22) showed a Q-T 
interval of 0.58, a P-R interval of 0.24 second, 
and premature nodal beats. 

An abrupt, significant fall of blood pressue 
was noted shortly before the maximum plasm: 
quinidine concentrations were reached in tw» 
of four patients receiving single doses of 0.6 
Gm. of quinidine lactate intramuscularly; t!:° 
maximum plasma contents in these patien's 
were 3.2 and 1.76 mg. per liter. The blood 






| 











| 
. 





RICHARD W. KALMANSOHN AND JOHN J. SAMPSON 


oressure fell in these two patients from 135/60 
o 95/50 and from 140/75 to 110/60. The 
\ypotension was corrected by the subcutaneous 
\dministration of 0.05 Gm. of ephedrine sul- 
ate. Of the 13 patients studied during oral 
juinidine therapy, 2 (Cases 23 and 25, table 1) 
oxhibited falls in blood pressure of 140/80 to 
4/70 and 115/75 to 86/60, respectively, but 


et 


greater risk owing to the effect on blood pres- 
sure than does quinidine given orally or rec- 
tally. It is felt that although no serious sequelae 
developed, a fall in blood pressure is one of 
the chief indications for discontinuing the 
administration of uinidine. Ventricular tachy- 
cardia as possibly heralding ventricular fibrilla- 
tion has been suggested as another grave com- 


(ABLE 2.—Relation of Quinidine Plasma Levels to Conversion of Auricular Fibrillation to Sinus Rhythm in Patients 


Case Sex | Age = Type Heart Disease 
= 
| 
15 M | 38 180 | RHD with aortic insuf- | 
MF ficiency 
22 M60, 160 | RHD with mitral steno- 
NS sis 
l4a F | 47 180 , RHD with mitral steno- 
MV sis 
14b F 47, 180} RHD with mitral steno- 
MV sis 
14¢ F 47. 180) RHD with mitral steno- | 
MV sis 
31 F 51 150 | RHD with mitral steno- 
EK sis 
17 F | 38 RHD with mitral steno- 
MC sis 
26 M | 55 | 169 | Cor. art. HD 
KB 
32 M60 (160 Cor. art. HD and hyper- 
BR tension 
16 F | 638 149 Cor. art. HD and hyper- 
TG tension 
29 F 70. 1385 Cor. art. HD and hyper- 
JM tension 
Is M | 62 185 | Cor. art. HD 
HN 
| F 63 183) Cor. art. HD and hyper- 
SG tension 
3 M | 61 | 180 | Cor. art. HD 
LO 
5 M 56 170) Cor. art. HD 
G 


at higher plasma quinidine concentrations, 
nimely, 6.9 and 8.1 mg. per liter. The blood 
pecimens were obtained from one_ patient 
(( ase 23) about one hour after the blood pres- 
re fell and from another patient (Case 25) 
«the time the blood pressure fell. This implies 
(iat the administration of quinidine intramus- 
larly, as has been suspected from previous 
perience with its intravenous use, carries a 








Duration 


with Rheumatic and Coronary Arteriosclerotic Heart Disease 


Total Days Needed to 





ae | Convert ie 
mg. /liter 

12 days 43.2 9 23.78 

1} years 13.2 4 115.20 

3 days 12.5 3 14.06 

3 days 14.8 3 11.70 

3 days 15.2 3 10.80 

7 years 6.8 23 9.0 

6 days 1.2 6 hours 7.48 

7 years 11.2 4 9.45 
10 months 2.6 2 5.85 

1 day 4.4 1 5.67 

8 hours 0.5 6 hours 5.27 

8 hours be 7 hours 4.55 

. 

18 hours 1.0 18 hours 3.30 

1 year 2.6 | did not convert | 6.90 (peak conc.) 
? 15.2 | did not convert | 8.10 (peak conc.) 


plication and should impel cessation of ther- 
apy.® Frequent blood pressure determinations 
should be made especially when other toxic 
symptoms have been manifested in order to 
detect abrupt depression of blood pressure. 


THERAPY OF AURICULAR FIBRILLATION 


The plasma quinidine content of 11 patients 
at the time of conversion of auricular fibrilla- 
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tion to sinus rhythm varied from 7.48 to 23.7 
mg. per liter in seven instances among 5 pa- 
tients with rheumatic heart disease (including 
three conversions in the same patient), and 
3.3 to 9.45 mg. per liter in 6 patients with 
coronary arteriosclerotic heart disease with or 
without hypertension. The curves of plasma 


Regular 


. 


QUINIDINE PLASMA LEVELS, MG./LITER 


Regular 


: 


Ee 
aa DAY 2 > 4 
+o 


noon 


E 
° 
vv 


8 am 


Fic. 1.- 
was converted to a regular sinus rhythm. 


quinidine concentration and the quinidine dos- 
age of 6 of these patients are illustrated in 
figure 1. Quinidine therapy was discontinued 
before conversion in two patients because the 
blood pressure fell significantly. 

Table 2 shows those patients in whom auricu- 
lar fibrillation was converted to sinus rhythm, 
the quinidine plasma concentrations at the time 
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of conversion, the type of heart disease en- 
countered in each patient, the duration of the 
auricular fibrillation, and the time and dosag: 
needed to bring about conversion. The duratio) 
of auricular fibrillation varied in this grou) 
from eighteen hours to seven years; there w:s 
no direct correlation between the quinidine 
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of six patients in whom auricular fibrillation 


plasma concentration at the time of conversion 
and the duration of the auricular fibrillation. 
The one patient (Case 14, b and 14, ¢, fig. 1), 
in whom auricular fibrillation was converted 10 
sinus rhythm on three occasions, had quinidine 
plasma concentrations which were approx!- 
mately the same at each time of conversion; 
10.8 the first time, four months later 11.7, an‘ 
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one month thereafter 14.0 mg. per liter. This 
implies that in the same patient there is some 
con-istency of the concentration necessary for 
con ersion of auricular fibrillation to regular 
sinus rhythm on different occasions. Four 
months after the third conversion the patient 
again entered the hospital for quinidine ther- 
apy. at a plasma quinidine concentration of 
over 11.5 mg. per liter she became quite ill 
owing to vomiting, diarrhea, and giddiness, 
and the treatment was discontinued without 
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(Case 15, fig. 2). The patient received a total 
of 43.0 Gm. of quinidine in the nine days before 
sinus rhythm was established. On the ninth day 
he was given a 1.0 Gm. of quinidine every one 
and one-half hours. He manifested most of the 
toxic symptoms previously mentioned except 
for a fall in blood pressure. The cumulative 
dosage curve is shown at the bottom of figure 
2; the gradual increase in quinidine dosage is 
indicated by the increasing slopes of the in- 
dividual curves, each representing the adminis- 
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Fic. 2.—Plasma quinidine concentration curve in Case 15 (M.F.) with auricular fibrillation illus- 
trating diminishing cumulative effect of successive dosage totaling 43.0 Gm. in nine days. 


conversion of the auricular fibrillation. The 
plasma quinidine concentrations at which con- 
version took place in this patient gradually 
rose on each of the first three courses of treat- 
ment, suggesting that the patient was becoming 
more resistant to the action of the drug. 

The highest quinidine plasma concentration 
obtained in any of these patients was 23.7 mg. 
per hier; this occurred at the time of conver- 
sion in a 38 year old man with a history of 
theumatie aortic insufficiency for ten years and 
an initial attack of auricular fibrillation begin- 
ning one week prior to the onset of therapy 


tration of 10.0 Gm. of quinidine. The initial 
10.0 Gm. were given in four days; 10.6 Gm. 
were administered in less than twenty-four 
hours prior to conversion. All blood specimens 
were obtained each morning before administra- 
tion of the first daily dose of quinidine with 
the exception of the specimen drawn at the 
time of conversion which occurred approxi- 
mately at 5 p.m. on the ninth day after 7.0 
Gm. of quinidine were given in ten and one- 
half hours. There was a gradual but persistent 
increment in the plasma quinidine concentra- 
tion curve even though the total dosage was 
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approximately the same on several days. Thus, 
on both the fourth and fifth days 4.8 Gm. of 
quinidine were given and on both the seventh 
and eighth days 7.2 Gm. were given. Although 
there was a rise in the plasma quinidine con- 
centration from days four to five and from 
days five to six, the increment on the fourth 
day was greater than on the fifth. Also the 
increment on days seven to eight was greater 
than on days eight to nine, though equal dosage 
of quinidine was given in both instances. Linen- 
thal, Ulick, and Patterson’ observed a phe- 
nomenon similar to this when they admin- 
istered smaller doses. They gave equal doses 
repeatedly and noted that the increment of 
plasma quinidine concentration ceased after 
four to five doses. It should be pointed out 
that since the plasma quinidine concentrations 
were taken each morning the concentrations 
during the day undoubtedly were much higher 
than indicated on the curve. It is to be noted 
at the top of the graph that the blood pressure 
changed very little during the entire nine days. 
This case likewise illustrates the need to over- 
look the many minor toxic manifestations of 
quinidine and the need for persistence in the 
administration of the drug to accomplish the 
desired goal. 

The patients with rheumatic heart disease 
had higher quinidine concentrations at the time 
of conversion than did those with arterioscle- 
rotic coronary heart disease. Also, those with 
rheumatic heart disease required a longer time 
and a larger dose of quinidine to effect conver- 
sion. This may imply that mechanical factors 
of valvular disease or auricular muscle damage 
influence the resistance of auricular fibrillation 
to conversion to sinus rhythm by quinidine 
therapy. 


SUMMARY AND CONCLUSIONS 


1. The toxic symptoms and signs and the 
plasma quinidine concentrations at which they 
were observed were discussed. It was not pos- 
sible to predict what evidence of toxicity would 
appear at various plasma quinidine concentra- 
tions by comparing individual cases. The ex- 
treme variation in the dosages given and in 
the plasma contents at the time gastrointestinal 
irritability occurred suggests that such symp- 


toms are due to local effects on the gastro‘n- 
testinal tract. Likewise it was not possille 
to determine which of the toxic symptoms and 
signs were related to idiosyncrasy or hyper- 
sensitivity. Significant fall in blood pressiire 
was thought to fit into this category. A fall in 
blood pressure was the only toxic symptom or 
sign other than extreme malaise and ventricular 
ectopic rhythm which was considered as an 
adequate reason for discontinuing quinidine 
therapy.* 

2. In one patient in whom similar doses of 
quinidine were repeated on successive days the 
twenty-four-hour increment of plasma quini- 
dine concentration was significantly less on 
the second day. With increased doses, however, 
greater increments could be produced. 

3. The plasma quinidine contents observed 
in a series of 11 patients (thirteen instances) 
in whom auricular fibrillation was converted to 
sinus rhythm were discussed. Higher plasma 
quinidine concentrations were noted at the time 
of conversion in those with rheumatic heart 
disease than in those with arteriosclerotic coro- 
nary heart disease. 
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Blood Quinidine Concentrations as a Guide in the 
Treatment of Cardiac Arrhythmias 


By Maurice Soxo ow, M.D., ano A. L. Epcar, M.D. 


Blood quinidine determinations by the photofluorometric method were made in 30 patients with 
auricular fibrillation or flutter in whom conversion to sinus rhythm was attempted. Successful 
conversion occurred in 82 per cent of the patients, with a mean blood level of 5.9 mg./liter. 
Vomiting and, in one case, ventricular tachycardia were the most important toxic manifesta- 
tions. Doses of 0.4 to 0.6 Gm. every two hours for five doses daily were usually adequate to ob- 
tain the average conversion blood level. The importance of the quantitative aspects of quinidine 
therapy and the relation of time, dose and concentration of quinidine in the blood are discussed. 


HE desirability of quantitative studies 

of blood concentration in relation to dose 

and therapeutic effect of a drug has been 
emphasized in recent years. Experiences with 
penicillin, the sulfonamides, and the salicylates 
have demonstrated that more rational thera- 
peutics result from such studies. There exists 
a diversity of opinion in the literature regarding 
the indications and methods of the administra- 
tion of quinidine.'“" The fact that quinidine has 
variously been used in an empiric manner ac- 
counts in part for this lack of uniform experi- 
ence and opinion. The recent study by McMil- 
lan and Welfare’ has demonstrated the 
excellent results that can be obtained with 
quinidine in the treatment of auricular fibril- 
lation, and has emphasized the need for a 
re-evaluation of quinidine therapy. 

The development during the war of more 
satisfactory analytic methods for study of vari- 
ous basic organic compounds, including quini- 
dine, afforded opportunity for more detailed 
investigation than in the past. Several papers 
have appeared recently" which utilize quan- 
titative measurements, but the data are in- 
complete. The present study was undertaken to 
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determine the effective blood quinidine levels 
required for conversion of cardiac arrhythmias 
in individual patients, to determine whether or 
not such levels are comparable in different in- 
dividuals, to determine the most satisfactory 
dose schedule to achieve such levels, and to 
learn something further about the absorption 
and excretion of quinidine. 


METHOD 


A number of technics for measuring the concen- 
tration of quinidine in biologic samples have been 
described. Referring to basic organic compounds in 
general, Brodie states that “‘the simplicity and speed 
of fluorometric assay recommend it as the method of 
choice when possible.’’* Quinidine and allied cinchona 
derivatives exhibit a natural fluorescence in acid 
media and are therefore well suited to this method 
of analysis. Two fluorometric procedures have been 
described by Brodie and his co-workers.19: 2° One in- 
volves the direct measurement of fluorescence in 
protein-free plasma filtrates, the other the extraction 
of the biologic samples with suitable solvents to re- 
move degradation products before the final determi- 
nation of fluorescence is made. Referring to the first 
of these methods, Brodie states that ‘. . . it has the 
advantage of speed and simplicity, but it lacks speci- 
ficity, since interfering metabolic derivatives of the 
compound (quinine or quinidine) are not removed.” 
From Brodie’s work, and from our own in a sep: rate 
study, it is clear that this simpler method gives con- 
sistently higher levels than does the more specific 
extraction procedure.” : % 

In the present study the extraction metho! of 
analysis was used, the actual procedure followed 
being based on Linenthal’s adaptation'’. 2! oi the 
Brodie method. Briefly, it is carried out as follows: 

A sample of urine or serum is added to distilled 
commercial ethylene dichloride, the mixture »lka- 
linized with 10 per cent sodium hydroxide, and 


shaken for ten minutes in a mechanical agit:tor. | 


' 
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Th aqueous phase is separated by centrifugation 
anc’ removed by aspiration. With serum, no further 
ext) ction is required, but two additional washings 
wit) sodium hydroxide are necessary to assure re- 
mo: al of quinidine degradation products from urine. 
An aliquot of the urine or serum extract is diluted 
wit), ethylene dichloride and acidified with tri- 
chloracetie acid. Absolute ethanol is added to mini- 
miz: adsorption. The fluorescence is then measured 
in te Coleman photofluorometer. The extraction 
in ai: identical manner of a blank specimen of serum 
or urine containing no quinidine permits determi- 
nation of the net fluorescence of quinidine contained 
in the unknown sample. This is then compared with 
the net fluorescence of two standards containing 
known amounts of quinidine. With slight modifica- 
tions in the technic, tissue and fecal samples may 
also be analyzed for their quinidine content. 

Further details of our experience with the tech- 
nical aspects of the method will be the subject of a 
separate communication.” The method has proved 
accurate in known dilutions within 8 per cent; the 
accuracy was considerably less with blood concen- 
trations below 2 mg. per liter, unless twice the usual 
serum sample was used. The specificity of the method 
has been investigated by Linenthal and his associ- 
ates,!>» 2 and no interference found from such com- 
monly used drugs as aspirin, codeine, morphine, 
Demerol, phenobarbital, Seconal, pentobarbital, 
thiamine hydrochloride, ascorbic acid, menadione, 
sulfonamides, penicillin, digitalis, insulin and stil- 
bestrol. 


SUBJECTS AND METHODS 


The present study includes 72 patients in whom 
measurements of quinidine concentration in blood 
or urine were made. The data on conversion of 
auricular flutter and fibrillation are based on results 
in 3 patients with auricular flutter and 27 with au- 
riculur fibrillation* in whom it was thought that 
conversion to sinus rhythm was indicated according 
to the criteria outlined by the National Research 
Council.2 The remaining 42 patients were receiving 
quinidine for a variety of reasons (prevention of 
paroxysmal arrhythmias, after myocardial infare- 
tion, or after chest surgery). In 4 of the 27 patients 
With «uricular fibrillation, the arrhythmia was of 
less than one week duration and was considered 
acute. Table 1 summarizes the causes of the auricu- 
lar arrhythmia in the cases studied. The patients 
Were lirst fully digitalized in order to produce a 
slow ventricular rate, and maintenance doses of 
digitalis were then continued. If cardiac failure was 
present, rigid restriction of sodium and use of mer- 
curia! diuretics were employed as required to im- 
prov: the cardiae failure as much as possible before 


“this includes 2 cases of auricular fibrillation 
who were given quinidine in small doses to control 
ven! vicular premature beats. Both converted to sinus 
thy: im unexpectedly (Cases J. L. and A. O.). 


attempted conversion. All patients were hospital- 
ized and frequent clinical observations, electrocar- 
diograms, and simple hemodynamic studies, such as 
vital capacity, circulation time, venous pressure, 
and exercise tolerance were studied before and after 
conversion in most instances. Patients were kept at 
bed rest while quinidine was being given. After pre- 
liminary studies, and in the light of previous clinical 
experience, two different schedules were used, more 
commonly the first: (1) quinidine was given every 
two hours for five to six doses, and (2) quinidine was 
given every four hours day and night. Frequent 
blood levels of quinidine were determined through- 
out the day and in most cases blood levels were 
obtained at the time of conversion. If relapse oc- 
curred, levels were determined at the time of re- 
lapse. If conversion to sinus rhythm was not accom- 
plished, the peak blood level obtained by the dose 
schedule employed was noted. In many cases, total 
urine quinidine excretions were obtained and the 
relationship of dose given and quinidine excreted 
studied. 


RESULTS 

Of the 72 patients in whom pharmacologic 
data was obtained, attempts at conversion to 
sinus rhythm were made thirty-four times in 30 
patients with auricular fibrillation and flutter. 
Sinus rhythm was re-established twenty-eight 
times in 24 patients, while six attempts in 6 
patients failed. This represents a conversion 
rate of 82 per cent. Table 2 summarizes the 
details of total dose of quinidine, peak blood 
levels, and evidences of toxicity. 

Figure 1 illustrates the blood levels obtained 
in the cases converted to sinus rhythm as well 
as in those who did not. The mean peak blood 
level in the cases in whom sinus rhythm was 
restored was 5.9*mg. per liter. In 75 per cent 
(twenty-one of twenty-eight attempts) the peak 
levels were between 4 and 9 mg. per liter. In 
only two of the twenty-eight attempts were 
levels above 10 mg. per liter successful in re- 
storing sinus rhythm. Levels above 9 mg. per 
liter were reached in 6 patients, but resulted in 
only two conversions to sinus rhythm. Of the 
six failures, levels of 7 mg. per liter or above 
were obtained in all, and four did not convert 
despite levels of 10 mg. per liter or above. In 
contrast, in 71 per cent of the successful con- 
versions (twenty in twenty-eight attempts), 
the peak level was below 7 mg. per liter. 

In 5 cases, conversion occurred with peak 
levels of less than 4+ mg. per liter. In one of 
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these (H. M.), auricular fibrillation had been rhythm occurred with only two doses of 0.2 
present for a year following thyroidectomy for Gm. of quinidine two hours apart at a level of 


Graves’ disease. Conversion occurred after five 2 mg. per liter. In another similar case (L. (.) 
doses of 0.4 Gm. of quinidine every four hours auricular fibrillation had been present for on|y 


TABLE 1.—Data on the Conversion of Arrhythmias with Quinidine: Summary of Thirty Cases (Thirty-four Attem) 





| | | 
Re- | Recon- | 


—, Failed lapsed Time of Relapse carted Remarks 
I. Auricular Fibrillation 

(27 Cases) Acute (4) 
1 after pneumonec- 1 0 1 1 day 1 
tomy (E.F.) 
2 after auricular flut- 2 0 0 0 
ter (M.G., L.C.) 
1 associated’ with 1 0 0 0 
H.T.C.V.D. (R.B.) 

Chronic (23) | 
11 with R.H.D.* 7 AF 2 2 wk. (C.G.) 1 (C.G.) Reeonversion not 

(C.G.) included in data since 


done’ elsewhere and no 
blood levels available 











12 hr. (V.H.) (V.H.) No attempt to 
reconvert 
3 with coronary dis- 3 0 2 1 wk. (M.G.) No (J.L.) Converted  unex- 
ease (M.G., J.L., 3 da. (L.S.) attempt pectedly while treating 
L.S.) P.M.B.t Follow-up now 
5 mos. 
4 with thyrotoxicosis 3 1 1 10 mo. (T.B.) 1 (T.B.) Relapsed again | 
(T.B., H.M., F.B., | (F.B.) wk. after 2nd conversion, 
A.O.) not reconverted. (H.M. 
| followed 1 yr. (A.O.), 
' Converted during treat- 
ment P.M.B.t 
1 with calcified peri- | 0 1 | 0O 0 Early case; probably would 
cardium (V.O.) use larger dose now. 
4 with undetermined 4 0 3 1 wk. (C.N.) 2 (C.N.) No attempt to re- 
cause (C.N., W.Y., | 6 mo. (A.T.) ((W.Y.,A.T.)| convert 
M.D., A.T.) 10 da. (W.Y.) 
II. Auricular Flutter (3 | 
Cases) | 
1 with R.H.D. (L.G.) | 1 0 | 0 0 
2 undetermined cause 2 0 1 6 mo. (F.W.) 1 é@ dig, (F.W.) Regular 2 mos. 
(F.D., F.W.) 1 @ quin. after relapse 
Totals... .| 24 6 10 | i 
Summary.... .......| 28 conversions in 34 attempts (82 per cent) 


* Patients: B.A., T.G., C.G., L.H., J.M., M.C., D.C., M.L., L.W., D.R., V.H. 
t Patients: J.M., T.G., M.L., D.R. 
t Premature beats. 






at a blood level of approximately 3.1 mg. per twenty-four hours following conversion of aii- 







liter. In the second (F. G.), a patient in whom ricular flutter with digitalis and responded io 
auricular flutter had been converted to auricu- 0.6 Gm. quinidine in four hours at an approsi- 
lar fibrillation with digitoxin five days before mate serum level of 2.3 mg. per liter. The fourth 


quinidine was begun, conversion to sinus case (A. O.) was under treatment for Graves’ 
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TABLE 2.—Summary of the Data on Twenty-four Patients Converted to Sinus Rhythm with Quinidine 


Case Age 
B.\ 44 
we 15. 49 
M.C. 45 
Cr. 66 
BAS. 64 


M.G. 63 


C.G 39 


H.M. 56 


C.N 55 
LS 64 
A.T 29 
DC 45 
W.\ 62 
M.D 67 
J.L. 69 
AO 44 
L.W 42 
L.¢ 45 
VH 43 


R.B 53 


L.G 4] 
F.\ 66 
F | 58 


Approximate level. 


(Twenty-eight Conversions) 


Dose of Quinidine | Peak Level | 





Sex Etiology and Duration of Arrhythmia (Gm.) 
F | Rheumatic heart disease—3 | 2.6 in 2 days 
months 
F Post - thyrotoxicosis — 14 | 3.0 in 2 days 
months | 
Same 10 months later, 1 month | 
after relapse 
F Rheumatic heart disease—12 | 2.6 in 2 days 
months 
M | Chest surgery 2 days before. 1.2 in 13 days 
Still fibrillating 6 days after 
onset. 
Quinidine then started. Re-| 2.0 in 1} days 
lapse 24 hours after con- 
version at level of 3.8 
F Coronary heart disease—5 | 0.4 in + hours 
days 
M | Coronary heart disease—3 | 6.2 in 2} days 
months 
M | Rheumatic heart disease—2 8.2 in 3 days 
months 
F Rheumatic heart disease—3 | 4.2 in 2 days 
weeks 
M | Post-thyrotoxicosis—18 2.4 in 13 days 
months 
F Unknown etiology—4 months | 2.4 in 1 day 
F Coronary heart disease—2, 1.8 in 1 day 
months 
M Unknown etiology—1 month 5.4 in 4 days 
Relapse 6 months later—3 | 3.0 in 1 day 
weeks 
F | Rheumatic heart disease—1} | 2.0 in 1 day 
years 
M | Unknown etiology and dura- | 4.0 in 1} days 
tion. Quinidine discontinued 
5 days after conversion. 
Relapse 4 days later. Treat- | 1.8 in 16 hours 
ment started same day. 
M Unknown cause—3 months 4 in 3 days 
M | H.T.C.V.D., V.P.M.B.’s 1.6 in 24 hours 
F Thyrotoxicosis, V.P.M.B.—3 | 1.7 in 24 hours 
years 
F Rheumatic heart disease—6 | 9.3 in 3} days 
weeks 
M | Treatment of auricular flutter | 0.6 in 4 hours 
with Cedilanid, 24 hours 
M | Rheumatic heart disease— | 8.4 in 3 days 
prob. 3 years 
F H.T.C.V.D.—6 days 2.0 in 24 hours 
F Rheumatic heart disease—6 | 2.4 in 1 day 
days | 
M | Coronary heart disease—3 | 5.8 in 43 days 
weeks | 
M | Coronary heart disease—24 | 4.4 in 3 days 


hours 


579 


| (mg./liter) 


~I 
—] 


bo 
= 
Oo 


15.8 


4.0 


o 
~ 


3* 
a 


_ w,or 


~I 


{0 


10.0* 


5.4 


Toxicity and-Comment 


None 


None 


None 


None 


No toxicity 


Nausea 1-2 
conversion 

Nausea, headache, mental 
confusion, second day 

Anorexia first day; nausea 
second day; decreased 
hearing and weight loss 
third day 

None 


hours after 


None 


None 
None 


Tinnitus 
Slight tinnitus 


Vomiting, headache, tin- 
nitus 
None 


None 


None 
None 
None 


None 
None 


Slight nausea on second 
day with level of 7.9 

Anorexia, nausea, weak- 
ness after second dose, 
level of 3.3 

Nausea, vomiting, tinni- 
tus, headache, 2 to 3 
hours before conversion 

None 


| None 
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disease (sedation, propyl thiouracil) and was 
given quinidine to suppress ventricular pre- 
mature beats. Conversion of auricular fibrilla- 
tion unexpectedly occurred after 1.7 Gm. had 
been given (0.1 Gm. test dose, followed by 0.4 
Gm. four times a day) at an approximate level 
of 1.3 mg. per liter. In the fifth case (J. L.) 
auricular fibrillation had been present for an 
unknown number of months. He had had car- 
diac failure for the previous seven weeks. The 
patient responded to 1.6 Gm. of quinidine in 
twenty-four hours at an approximate level of 
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Fic. 1.—Distribution of blood quinidine levels re- 
quired for conversion of 28 cases of auricular fibril- 
lation (25) and auricular flutter (3) to sinus rhythm. 
Six failures are illustrated below the line. 


3.3+ mg. per liter. The quinidine was given to 
control premature beats, and conversion to 
sinus rhythm occurred. 

The amount of quinidine required to convert 
the patients to sinus rhythm was usually 0.4 
or 0.6 Gm. every two hours for five doses. In 
only one instance was the dose of 0.8 Gm. every 
two hours for five doses employed (fig. 2, C.G.). 
The commonly advocated dose of 0.2 Gm. 
every two hours for five doses infrequently 
produced a blood level of as much as 4 mg. per 
liter and therefore was usually ineffective. 


Clinical Pharmacology 


In addition to therapeutic considerations, 
some data are available on the clinical pharn:a- 
cology of quinidine. The rise in blood quinidine 
level with successive doses of the drug bore in 
inverse relationship to the rate of auricular eon- 
tractions in both auricular fibrillation and su- 
ricular flutter (fig. 3, a, b). This was particula:ly 
true in the first twelve hours and supports the 
concept that the blood quinidine levels refl ct 
the cardiac effects of the drug. 
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HOURS AFTER INITIAL DOSE OF QUINIDINE 

Fic. 2—(C. G., No. 154628. Age 39. Auricular 
fibrillation.) A graph illustrating the progressive rise 
in blood quinidine level that occurs with the five-dose 
daily schedule when the individual dose is increased 
from 0.4 to 0.8 Gm. Note the high percentage of 
quinidine remaining in the blood twelve hours after 
the peak evening level. 


In the patients with auricular flutter or [i- 
brillation, conversion did not always occur 
when the blood level was at its peak. In 2 cases 
(T.B. fig. 4, and L.G.,) it followed by approxi- 
mately two hours, and in 5 others (T.B., C.\., 
C.N., M.G., M.D.) occurred during the nig/it 
after the peak level had passed. 

After a given dose of quinidine, the maximum 
blood level was usually reached in approxi- 
mately two hours; the level at the end of cre 
hour at times was found to be approximat«ly 
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30 per cent that of the two hour level as shown 
n he following 3 patients: 


—e 


Blood Level (mg. /liter) 


Case Dose One Two 
(Gm.) hour hours 
Vit. 0.4 0.8 2.3 
iG. 0.2 0.45 Tea 
JG: 0.4 0.45 3 


Th. blood level invariably was lower four hours 
after a given dose than at the peak two-hour 
lev l, the decrement usually being in the neigh- 
borhiood of 10 to 20 per cent, as indicated in the 
following cases in which levels two and four 
hours after a given dose are listed. All patients 
in this group had been given multiple doses of 
quinidine. 
Blood Level (mg. /liter) 


Case Two hours Four hours 
after dose after dose 
ALT. 6.7 5.6 
ACT. 5.4 (13 hrs.) 4.0 
C.N. a 4.6 
H.M. 2.9 27 
H.M. 3.9 3.1 
M.G. 7.0 6.4 
M.G. 4.4 3.4 
L.G. 6.2 5.8 
E.F. 7.0 5.6 
M.C, 8.0 7.3 
EB. 5.5 (3 hrs.) 4.0 
L.H. 2.8 2.0 
V. 7.0 6.5 


In view of textbook statements that quini- 
dine is rapidly excreted and that the effect of a 
given dose by mouth ceases in four to five 
hours,'’ it was of interest to find that significant 
levels remained in the blood for some twelve to 
twenty-four hours (fig. 5). The average residual 
blood level twelve to eighteen hours after the 
last dose was 42 per cent of the previous peak 
level (20 patients, thirty-six levels). The aver- 
age residual blood levels the next morning after 
thre commonly used conversions schedules are 
tabulated below: 


02 Gm. every two hours for five doses = 
1.8 mg./liter (8)* 

(.t Gm. every two hours for five doses = 
2.5 mg./liter (14)* 

(6 Gm. every two hours for five doses = 
3.9 mg./liter (7)* 


Total number of cases in each group. 


450) 
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Fic. 3a.—The relationship between the decrease 
in the auricular rate and rise in blood quinidine 
concentration in a case of auricular fibrillation (A. T., 
U 120498. Male, age 29). 
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2 4 6 8 io 12 4 16 24 
HOURS AFTER FIRST DOSE OF QUINIDINE 
Fic. 3b.—The relationship between the decrease 
in the auricular rate and rise in blood quinidine 
concentration in a case of auricular flutter (L. G., 
U 1577699. Female, age 41). 
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Measurable residual levels were found for as 
long as seventy-two hours after the last dose of 
quinidine in one patient, for fifty-six hours in 
another, and for thirty-three hours in a third. 
No attempt was made to determine the length 


6 


SERUM QUINIDIVE LEVEL 
MG/LITER 


CONCENTRATIONS 


hours, the increment obtained with each of the 
first two doses was found to be 1.5 mg. per lite, 
almost double the increment (0.8 mg. per lite) 
obtained with subsequent doses. When the san.e 
dose was repeated every two hours, the level 


$= TIME OF CONVERSION 


@-0:045 2HR.X5 (2.0 GM. TOTAL) 
O-0:0.45 4 HR DAY AND NIGHT (5.2 GM. TOTAL) 


6 8 0 2 4 & BD 2 BW 2% BW W 32 3H 3% 38 40 42 44 46 48 SO 
HOURS AFTER INITIAL DOSE OF QUINIDINE 


Fig. 4. 
ricular fibrillation ten months apart (T. B., 


of time quinidine remained in the blood in the 
other patients. 

When quinidine was given every two hours 
for about five doses (four to six) the net in- 
crement in blood level rose as the size of the 
individual dose was increased. The average net 
increase in blood level (peak level minus residual 
level that morning) with several dose schedules 
was: 

0.2 Gm. every two hours for 5 doses = 
3.9 mg./liter (8)* 

0.4 Gm. every two hours for 5 doses = 
4.9 mg. /liter (16)* 

0.6 Gm. every two hours for 5 doses = 
5.7 mg. /liter (7)* 
When 0.2 Gm. was given, the average net in- 
crease (level two hours after last dose minus 
that morning’s residual level) was 3.9 mg. per 
liter (average of 8 patients). With 0.4 Gm. it 
was 4.9 mg. per liter (average of 16 patients), 
and with 0.6 Gm., 5.7 mg. per liter (average of 
7 patients). When quinidine was given in this 
manner, the increment produced by successive 
doses became less after the first few doses. In 13 
patients who were given 0.4 Gm. every two 


* Total number of cases in each group. 


Comparison of two- and four-hour dose schedules in a patient with two episodes of au- 
No. 134316, age 49). 


Mg/l 
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Fic. 5.—The amount of quinidine remaining (0 
the blood ten to twenty hours after the last eveni!.z 
dose is illustrated in the graph showing the relati 
decrement in blood concentration. 
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Fic. 6.—Decreasing increment of blood quinidine level with successive doses of 0.4 Gm. each 
(M. G., U154360. Male, age 63). 
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HOURS AFTER INITIAL DOSE OF QUINIDINE 


Fic. 7.—The failure of repeated’ doses of quinidine 0.2 and 0.3 Gm. each to produce further in- 
creases in blood concentration after the first four or five doses (F. B., No. 161359, age 57. Auricular 
fibrillation). 


eased more after each of the first two doses same size may be shown in another way by 


“nit did after later doses. This tendency is 
strated in figures 6 and 7. This same de- 
sing effect following multiple doses of the 


comparing the increase in level resulting from 
the first two doses together with that resulting 
from all the remaining doses together (usually 
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two to four more, but in some cases, five or six 
more). With 0.4 Gm. given every two hours, 
the first two doses resulted in an average in- 
crease of 3.1 mg. per liter in 13 patients, while 
the subsequent three or four doses resulted in 
an increase of only 2.3 mg. per liter. It is there- 
fore apparent that the initial two doses pro- 
duced greater effect than did subsequent doses, 
even if four or five more were given. 

This “adaptation” mechanism was similarly 
observed when patients were given quinidine 


vl 


MG/LITER 
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N 
hy 
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S 
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may not be reached for a week after fixed daily 
doses. It is apparent that if higher blood levels 
were desired, increasing the size of the invj 
vidual dose or the frequency of administrati:: 
would have been necessary to raise the blo 
level. When a given dose of quinidine was giy 
every two hours, the increment in blood le 
became progressively less after the first th 
or four doses and after the sixth dose,‘no furthor 
rise in blood quinidine level was obtained wi 
0.2 Gm. and 0.3 Gm. amounts despite six 


Fic. 8.—The parabolic curve obtained with fixed daily doses of quinidine, illustrating that an 
“adaptation”? mechanism prevents maintenance of the highest blood levels. 


every four hours day and night or were given 
the same dose of quinidine at any fixed interval 
(fig. 8). It was observed when the four-hour 
interval was used that the peak blood level 
reached a maximum on the second and third 
day, maintained a plateau for several days, 
and then often fell so that at the end of a week 
the blood level was approximately equal to 
that which was obtained at the end of the first 
day. Further experience with fixed daily doses 
of quinidine has shown that in some cases the 
daily maximum blood level falls only slightly 
or not at all after the peak levels have reached 
a plateau in two to five days. This may repre- 
sent equilibration between the tissues and the 
blood. In rare instances, the peak blood level 


x 06 GM 4 2 Hr. X 5 INTRAMUSCULARLY 


06 GM.g 2 Hr x5 ORALLY 


QUINIDINE BLOOD LEVEL ,Mg/t 


2 4 6 8 10 
HOURS AFTER INITIAL DOSE OF QUINIDINE 


Fic. 9.—Comparison of blood levels obtained wit 
0.6 Gm. every two hours for five doses orally an: 
intramuscularly in a case of chronic auricular fibril 
lation. Same patient on successive days. First lin: 
represents residual. (J. M., U 59617. Male, age 51.) 
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-»yven subsequent doses unless the size of the 
; dividual dose was increased (fig. 7). 
Two patients with chronic auricular fibrilla- 
m were given the same dose schedule of 
linidine at separate times orally and intra- 
uscularly (fig. 9), using the urea-antipyrine 
< lution described by Sturnick and his associ- 
ues.2 In both patients the time of maximum 
b ood level and the curves of ascending blood 
level were essentially similar with the two 
routes of administration. The levels rose at 
avout the same rate, reached the same peak 
and declined in a similar manner. 


Rclapses 


Ten patients who had been converted to 
sinus rhythm relapsed to their original ar- 
rhythmia at intervals of fourteen hours to 
seven months (including C.G.). The data is 
summarized below for each case. 


Summary of Six Patients With Auricular Fibril- 
lation in Whom Quinidine Failed to Restore 
Sinus Rhythm 


Case 1. F. B., male, age 57 years: Thyrotoxicosis. 
Auricular fibrillation of ten years’ duration (post- 
thyroidectomy). Heart moderately enlarged, 35 per 
cent, especially the left ventricle. A level of 7 mg. 
per liter was reached without converting the ar- 
rhythmia. Quinidine was discontinued although the 
only evidence of toxicity was mild nausea. 

Case 2. T. G., female, age 57 years: Rheumatic 
heart disease with mitral stenosis. Auricular fibrilla- 
tion of at least five and one-half years’ duration. 
Heart enlarged moderately. Functional Class ITI 
despite maximum improvement with digitalis and 
a low caloric, low salt diet. Quinidine dosage was 
somewhat irregular but a level of 11 mg. per liter 
was reached with a dose of 0.6 Gm. every two hours 
for six doses, at which time the patient noted tinni- 
tus and slight deafness. The rhythm remained irreg- 
ular and further trial of higher doses was not at- 
tempted. 

(ase 8. M. L., female, age 52 years: Rheumatic 
heart disease with mitral stenosis. Auricular fibrilla- 
tio: for at least two and one-half years, probably for 
four years. Heart size +35 per cent, moderately en- 
lar_ed, especially the left auricle and right ventricle. 
Th: patient had been on digitalis for four years, 
sie the appearance of symptoms of cardiac failure. 
Sh» failed to convert at a level of 7.0 mg. per liter 
al! -r 0.4 Gm. every two hours for five doses on two 
su cessive days, followed by 0.6 Gm. every two 
he ws for five doses the third and fourth days. Quini- 
dice was stopped because of repeated vomiting. 


Case 4. J. M., male, age 51 years: Rheumatic 
heart disease with mitral stenosis. Auricular fibrilla- 
tion, probably of at least three years’ duration. 
Slight left auricular and left ventricular enlarge- 
ment. Onset of failure three years ago, and border- 
line failure continued despite the use of digitalis 
and sodium restriction. Two major embolic episodes 
occurred, the first to the left femoral arteries one 
year ago necessitating amputation, and the second 
to the right femoral artery with subsequent claudi- 
cation, two years ago. The patient failed to convert 
despite a level of 13.7 mg. per liter after having 
received 0.4 Gm. every two hours for 5 doses the 
first day, and 0.6 Gm. every two hours for five 
doses on each of the two following days (the last 
course being given intramuscularly). Quinidine was 
discontinued because of persistent severe nausea 
and repeated vomiting. 

Case 5. V. O., female, age 49 years: Calcific pericar- 
ditis of unknown etiology. Auricular fibrillation prob- 
ably of eighteen months’ duration and generalized 
cardiac enlargement. History of “enlarged” heart 
twenty years ago with symptoms of weakness and 
dyspnea. Occasional palpitations for five years with 
a marked increase in this complaint eighteen months 
ago. The patient was digitalized three months ago 
when she was told that she had a ‘“‘case’’ around her 
heart. Symptoms of increasing failure appeared two 
months ago which responded to mercurials, bed rest, 
and sodium restriction. She received several courses 
of quinidine and reached a maximum level of 10 
mg. per liter on the fourth day with 0.4 Gm. every 
four hours day and night. Quinidine was discon- 
tinued although no evidence of toxicity was present 
at the time. (There had been vomiting ten days 
before, while the patient was receiving 0.4 gm. 
every two hours for 5 doses.) 

Case 6. D. R., female, age 34 years: Rheumatic 
heart disease with mitral stenosis. Auricular fibrilla- 
tion of three months’ duration. Heart slightly en- 
larged. The patient received 5.0 Gm. in twenty-four 
hours (0.6 to 0:88 Gm. every four hours) which 
resulted in a peak level of 11.3 mg. per liter, but 
failed to restore sinus rhythm. She then received 
0.6 Gm. approximately every four hours, for thirteen 
doses, but failed to convert despite blood levels of 
6.5 to 0.6 mg. per liter during the three-day period. 
There was ne evidence of important toxicity. 


Four of the patients were reconverted easily 
and no attempt was made in the other pa- 
tients.* Of the ten relapses, seven occurred 
within two weeks after conversion. Four of the 


* One of these 6 patients (C. G.) relapsed and was 
reconverted with small additional doses of quinidine 
by an outside physician. He then maintained regular 
rhythm. He is considered a relapse but not included 
in our reconversion data because no blood levels are 
available. 
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patients who relapsed had received no main- 
tenance quinidine and the maximum main- 
tenance dose in the other 5 patients was 0.2 
Gm. four times a day. In the light of subse- 
quent experience in the prevention of paroxys- 
mal arrhythmias, and in the suppression of 
premature beats,* this amount of quinidine was 
probably insufficient. It was of interest to note 
that in the patients reconverted after a lapse of 
six months, the blood levels required for con- 
version were essentially the same (A.T., fig. 10, 
and T. B., fig. 4). When Patient A.T. was first 
converted, the dose had been gradually raised 
from an initial regime of 0.2 Gm. every two 
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Fic. 10.—Comparison of conversion levels on sepa- 
rate occasions six months apart in a case of auricular 
fibrillation, with 0.6 Gm. every two hours given both 
times. (A. T., U 120498. Male, age 29.) 


hours for five doses to a final successful sched- 
ule of 0.6 Gm. every two hours for five doses on 
the third day, with a peak blood level of 6.7 
mg. per 100 cubic centimeters cent. When the 
patient relapsed, he was given 0.6 Gm. in five 
two-hourly doses with successful conversion on 
the same day, at a peak blood level of 5.4 mg. 
per cubic centimeters. 

One patient (T.B., fig. 4) with chronic au- 
ricular fibrillation was treated initially with 0.2 
Gm. every two hours for five doses, followed 
the next day by 0.4 Gm. every two hours for 
five doses. Sinus rhythm was established during 
the night after the last 0.4 Gm. dose had been 


* Report in preparation. 


given (total of 2.0 Gm.). Ten months later, th: 
patient again developed auricular fibrillation 
and this time was given 0.4 Gm. every fou 

hours day and night. Conversion took plac: 
after a total of 5.2 Gm. had been given. Figure 
4 shows the levels in this patient. It can be see 
that peak levels were similar, but the total dos» 
required and the time necessary to achieve th» 
peak levels were much greater when the quin - 
dine was given every four hours. 


Urinary Excretion 


Studies of urinary excretion of quinidine wee 
carried out in 26 patients. During the first dey 
of quinidine therapy, an average of 4.8 per cent 
of the first twelve hour dose was excreted in the 
urine during the same period (average of |4 
sases). An average of 10.1 per cent (11, 11, 11.5, 
8.5, 8.4, 10.5 and 9.6 per cent) of the first 
twelve hour dose appeared in the urine during 
the first twenty-four hours (7 cases). In 12 pa- 
tients who were receiving fixed maintenance 
doses of quinidine, the average amount found 
in the twenty-four hour urine was 15.5 per cent 
(range of 9 to 24 per cent) of the daily dose, 
(average of eighteen studies). In 12 of the 18 
patients, the amount of the daily dose excreted 
in twenty-four hours varied between 12 per 
cent and 16 per cent. In one patient (T.B.) who 
was taking 0.4 Gm. quinidine every four hours, 
day and night, the 6 per cent of the first twenty- 
four hour dose was excreted in the same period; 
in the second twenty-four hours, the amount 
rose to 1] per cent, and in the third twenty- 
four hours, to 20 per cent. In 6 patients in 
whom serial urine collections were made follow- 
ing discontinuance of quinidine, measurable 
amounts remained in the urine for fifteen hours 
in 1, twenty-four hours in 2, thirty hours in |, 
and thirty-six hours in 2. (In one of the latter, 
it was present for thirty-six hours on two dil- 
ferent occasions.) 


Toxicity 


Table 3 summarizes the toxic symptons 
noted in our patients converted with quinidin:. 


In 2 patients, vomiting precluded further use « / 


the drug, and one patient underwent a sho:t 


bout of ventricular tachycardia shortly after 


conversion. This complication occurred at th» 
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| igh blood level of 15.8 mg. per liter in a pa- 
, ent who had severe mitral stenosis, marked 
. .rdiae enlargement and previous cardiac fail- 
. -e. Conversion had been attempted and quini- 
« ne given in large doses because two major 
. terial emboli had occurred in the previous 
to months. In the remainder of the cases the 
t xie symptoms of nausea, diarrhea, tinnitus 
aid headache were of relatively minor degree. 
I requent electrocardiograms were taken during 


essentially unchanged despite the development 
of auricular flutter. Maintenance doses of digi- 
talis were continued in these patients. 


The Prevention of Paroxysmal Arrhythmias 


Delevett and Poindexter“ described 2 cases 
in which critical blood levels could be defined 
for the prevention of paroxysmal tachycardia. 
A study of this phase of therapy is in prepara- 
tion, but one striking case may serve to illus- 


TaBLE 3.—Summary of Toxic Manifestations of Quinidine in the Thirty Patients with Auricular Flutter 
or Fibrillation in whom Conversion was Attempted 


Case Symptoms Degree 
L.G. Tinnitus, headache, vomiting ~ 
M.G. Nausea, headache, v.p.m.b.’s + 
TSB. Diarrhea, tinnitus, headache | ++ 
At. (1) Tinnitus a 
(2) Tinnitus + 
Cx. Faintness toe 
V.O. Nausea, vomiting sek 
x Nausea -+- 
LG. Tinnitus, slight deafness + 
J.M. Diarrhea, vomiting +44 
F.B. Nausea + 
C.G. Anorexia + 
Nausea ++ 
Decreased hearing + 
Ventricular tachycardia 3 hrs. 
M.L. Vomiting and diarrhea = 
Vomiting +444 
D.C. Vomiting =f 
Headache “1 
Tinnitus + 
V.H. Slight nausea + 


conversion and in no case were conduction de- 
fec.s obtained. In a number of patients, au- 
ric: lar flutter occurred as the rapid auricular 
rat of auricular fibrillation was slowed with 
qu nidine. In only one patient in whom auricu- 
la flutter was produced did the ventricular 
ra'° rise with a 2:1 block when this occurred 
ju ¢ prior to conversion. When quinidine was 
st pped, the auricular rate rose and auricular 
fii villation was again present the next day. In 
tl remaining patients the ventricular rate was 


Blood 
“Time ee Comment 
liter) 
4.3 5.8 | None 
5.0-7.0) 4.4 None 
4.2 4.0 None 
5.4 6.7 None 
22 5.4 
5.0 4.6-2.1 Pulse 140 with 2:1 flutter 
just prior to conversion 
6.3 Failed at 10 None 
2.0 2:0 None 
11.0 Failed at 11 None 
6.3 Failed at 13 None 
7.0 Failed at 7 None 
to None 
10.0 | 15.8-9.6 
12.5 
15.8 
5.0 Failed at 6.9 Vomiting with same blood 
level obtained by intra- 
muscular quinidine 
9 
2.75 ® None 
4.6 
4.6 
5.0 8.3 None 


trate the value of blood levels in the prevention 
of paroxysmal ventricular tachycardia (fig. 
11). 


The patient was a 63-year-old man with coronary 
artery disease, in whom ventricular tachycardia of 
four days’ duration was converted to sinus rhythm 
with 3.4 Gm. quinidine in sixteen hours. The con- 
version level was 4.1 mg. per liter. During the subse- 
quent two and one-half weeks, while the patient 
was receiving maintenance doses, he had five re- 
currences of arrhythmia, and it was possible to 
establish the approximate effective therapeutic blood 
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quinidine level necessary to maintain sinus rhythm. 
Levels taken during four of the paroxysms of tachy- 
cardia were 3.3, 3.5, 3.3, and 4.2 mg. per liter. Levels 
at the time of reconversion of three of the attacks 
were 4.3, 5.6, and 4.6 mg. per liter. Maintenance 
doses thereafter were adjusted to keep the level 
above 4 mg. per liter and no arrhythmia occurred 
during the remainder of his one-month hospital 
stay. The patient has since been followed for nine 
months, and maintained on 3 Gm. (2.8 to 3.2) 
quinidine daily which produces mid-day blood levels 
constantly between 5 and 5.5 mg. per liter. Since 
resuming his normal activities, he has had occasional 
transient episodes of tachycardia but none have 
been persistent and only three have required addi- 


il, 


BLOOD QUINIDINE LEVEL 
MG/LITER 
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10 11 12 13 14 15 6 17 
DAYS 


Five of those who relapsed were reconverte: 
with quinidine. No further quinidine treatmen: 
was attempted in the other 5 patients. One was 
reconverted elsewhere and is not included in 
our data. 


Case 1. E. F., male, age 66 years: Postpneumone - 
tomy, auricular fibrillation. Conversion was acco1 
plished with 6 doses of 0.2 Gm. every four hours . t 
a level of 7.0 mg. per liter. The patient relaps: 1 
twenty-four hours later, after receiving three «1 
more doses of 0.2 Gm. (twice on the day of conve :- 
sion, once the following morning) at a level of 3.8 
mg. per liter. He was then reconverted with ()4 
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Fic. 11.-The importance of determining the critical blood level required to prevent attacks of 
paroxysmal ventricular tachycardia. Small additional doses of quinidine increased the blood con- 
centration above the critical level and restored normal rhythm whenever the blood concentration 
fell below 4 mg. per liter. (W. R., male, age 63. Coronary heart disease. Recurrent ventricular tachy- 


cardia for three vears.) 


tional quinidine, the longest responding in seven 
hours to 0.8 Gm. in addition to the maintenance 
dose. After being free of attacks for several months, 
while receiving 3 Gm. quinidine daily and maintain- 
ing a blood level of 5 mg. per liter, the patient was 
placed on quinidine “enseals” in the same dosage. 
His blood level fell to 1.7 mg. per liter and he had a 
prolonged (twenty-four hour) attack of ventricu- 
lar tachycardia that responded to oral ordinary 
quinidine. He was again given ordinary quinidine 
and has had no further attacks, the blood level again 
rising to 5 mg. per liter. 


Data on Relapses: Auricular Flutter and Fibril- 
lation 


Of the 24 patients (twenty-eight instances) 
converted to sinus rhythm, 10 have relapsed. 


Gm. every four hours for four doses, at a level of 
5.5 mg. per liter. 

Case 2. M. G., male, age 63 years: Coronary heart 
disease with chronic auricular fibrillation. Conversion 
was accomplished with 0.4 Gm. every two hours for 
eight doses, followed the next day by 0.6 Gm. every 
two hours for four doses, and the third day by 0.6 
Gm. for one dose. The blood level at this time w:s 
4.4 mg. per liter. The patient received 0.4 Gm. four 
times a day for two days and was discharged home 
on 0.2 Gm. four times a day. When seen one werk 
later, his rhythm was irregular, but reconversion 
was not attempted. 

Case 3. L. S., female, age 64 years: Coronary heat 
disease with chronic auricular fibrillation. Conve 
sion was accomplished with 0.4 Gm. every fovr 
hours for four doses at a level of 4.0 mg. per lite’. 
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Th. patient then received 0.3 Gm. every six hours 
for the next three days and relapsed the morning 
of ‘he fourth day. No attempt was made to recon- 
ver the rhythm. 

ase 4. A. T., male, age 29 years: Auricular fibril- 
lation. This patient gave a history of recurrent pro- 
lonved attacks of auricular fibrillation of unknown 
etiology for ten years. The patient had been having 
two to three attacks a year which were controlled 
by quinidine in each instance. He was converted to 
normal rhythm at a time when the blood level was 
6.7 mg. per liter. Relapse occurred approximately 
six months after conversion, but no maintenance 
doses of quinidine had been taken during that period. 
He was reconverted with 0.6 Gm. every two hours for 
5 doses and the blood level was 5.4 mg. per liter. 

Case 5. F. W., male, age 66 years: Auricular flutter. 
This patient had recurrent auricular flutter of un- 
known etiology. He had had two previous entries 
into the University of California Hospital for pur- 
poses of conversion. On the third entry, he was 
converted with 2.8 Gm., given in doses of 0.4 Gm. 
every four hours, after having had 0.2 Gm. and 0.4 
Gm. every two hours for five doses on the two pre- 
vious days; the blood level at time of conversion was 
10 mg. per liter. Six months later, the patient re- 
lapsed, having received no maintenance doses of 
quinidine during this period. The patient was re- 
converted with digitoxin and three months later, 
his rhythm was still regular on various doses of 
quinidine. 

Case 6.C. N., female, age 55 years: Auricular fibril- 
lation. This patient had chronic auricular fibrillation 
of unknown etiology. She was converted with a blood 
level of 5.7 mg. per liter after 0.4 Gm. every two 
hours for six doses. She was discharged home on 
0.2 Gm. four times a day which she stopped five 
days later. A few days later, auricular fibrillation 
reappeared. No further attempt was made to recon- 
vert the arrhythmia. 

Cause 7. W. S. Y., male, age 62 years: Auricular 
fibrillation. The duration of the auricular fibrillation 
is not definite, although it had probably been pres- 
ent for months. The etiology was not definite. The 
arrhythmia was converted to sinus rhythm with 0.4 
Gm. every four hours for five doses, followed the 
next day by 0.6 Gm. every four hours for four doses, 
at a |lood level of 6.2 mg. per liter. The patient was 
then given 0.4 gm. four times a day for two days, 
and ).2 Gm. four times a day for two days. No 
qui ine was taken for four days, after which the 
patiint relapsed. The administration of 0.6 Gm. 
for ‘hree doses brought about reconversion. The 
pati-nt is currently on a schedule of 0.4 Gm. three 
times a day without relapse. 

Cise 8. T. B., female, age 49 years: Auricular 
Jibr ‘lation. Auricular fibrillation occurred in the pa- 
tier | following a thyroidectomy, and had been of 
fou teen months’ duration. Conversion resulted at 
a | 'ood level of 5.8 mg. per liter after 0.4 Gm. every 


two hours for five doses, and the patient was dis- 
charged home on 0.2 Gm. four times a day for five 
days. One week later, auricular fibrillation was again 
present, but was converted when the quinidine dos- 
age was increased to 0.4 Gm., 0.4 Gm., 0.2 Gm., and 
0.2 Gm. A second relapse occurred two weeks later 
(the quinidine dose had been reduced by 0.2 Gm.), 
and conversion was brought about by increasing 
the daily dose by 0.2 Gm. Thereafter the patient’s 
rhythm remained regular, and the quinidine dosage 
was gradually reduced. After two and_ one-half 
months, the quinidine was stopped, and regular 
rhythm was maintained without quinidine for four 
months, after which time another relapse occurred. 
Conversion at this time was accomplished with 0.4 
Gm. every four hours for thirteen doses with a blood 
level of 5.5 mg. per liter. The patient was discharged 
home on 0.4 Gm. three times a day, on which dose 
she relapsed, and did not reconvert with 0.4 Gm. five 
times a day for three days. No further attempt to 
reconvert was made. 

Case 9. C. G., male, age 39 years: Rheumatic heart 
disease with mitral stenosis and auricular fibrillation. 
The auricular fibrillation had been present for two 
months. The patient had a femoral embolus in June, 
1948, which was presumably the result of paroxysmal 
auricular fibrillation. Sinus rhythm was_ present 
during the patient’s stay in the hospital. He had a 
cerebral embolus in the fall of 1948 and at this time, 
and for the next two months, auricular fibrillation 
was present. Conversion was accomplished at a peak 
level of 15.8 mg. per liter. Two weeks later, there 
was a relapse on a maintenance dose of 0.2 Gm. 
three times a day. The arrhythmia lasted four days, 
in spite of increasing the dose to 0.2 Gm. four times 
a day. A second relapse lasting ten days occurred one 
week later, while the patient was on a maintenance 
dose of 0.2 Gm. four times a day. Regular rhythm 
was restored by increasing the dose to 0.4 Gm. four 
times a day with a blood level of 7.9 mg. per liter. 
Since then, the patjent’s rhythm has remained regu- 
lar on 0.4 Gm. three times a day and a level of 5.6 
mg. per liter. 

Case 10. V. H., male, age 43 years: Rheumatic 
heart disease and auricular fibrillation. Auricular fi- 
brillation had probably been present in this patient 
for three years. It was converted to normal rhythm 
after 8.4 Gm. in three days with a peak blood level 
of 8.3 mg. per liter. The fourth morning, arrhythmia 
was again present, fourteen hours after conversion, 
despite doses of 0.6 Gm. two times during the night. 
No blood level was obtained. No further attempt at 
reconversion was made. 


Discussion 
The data presented indicate that the use of 
quinidine blood levels may provide a more ra- 


tional basis for the use of quinidine in the 
treatment of auricular fibrillation and auricular 
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flutter. The fact that peak levels occur in two 
hours and that the increase in level becomes 
progressively less after four to five doses in- 
dicates that the total amount of quinidine is 
not as important as the number of hours over 
which the quinidine is given and the size of the 
individual dose. Any given dose schedule, there- 
fore, may fail if these factors are not taken into 
account. 

The value of the blood level of quinidine as a 
guide in therapeutic conversion of auricular 
fibrillation and flutter is significant. Most pa- 
tients were converted to normal rhythm at 
moderate blood levels. In resistant cases, even 
when higher blood levels (greater than 9 mg. 
per liter) were attained, only a small percentage 
converted (in only 2 of 6 cases). Only 2 patients 
in whom sinus rhythm was produced required 
levels exceeding 10 mg. per liter, and in one of 
them a short bout of ventricular tachycardia 
resulted. It is of interest that in the 6 patients 
in whom sinus rhythm was not restored, 4 
failed with levels equal to or exceeding 10 mg. 
per liter. It would appear, therefore, that if 
successful conversion does not occur with mod- 
erate doses and moderate blood levels, forcing 
the issue with higher doses is only infrequently 
successful and adds considerably to the pos- 
sibility of important toxicity. Four of the 6 
patients who failed to convert to sinus rhythm 
had mitral stenosis with hearts that varied in 
size from but slightly to markedly enlarged. 

It was of considerable interest that several 
patients converted to sinus rhythm at low 
blood levels with doses of quinidine given not 
for conversion but for the suppression of pre- 
mature beats. Since approximately 15 per cent 


of our patients had normal rhythm restored at . 


blood levels of 4 mg. per liter or less, and since 
this blood level rarely is attended by any toxi- 
city, one may well wonder if small doses of 
quinidine might be tried in many cases in which 
a serious attempt at conversion is not war- 
ranted. One may be pleasantly surprised to 
gain successful results with small doses of 
quinidine. 

The occasional delay in conversion after the 


peak blood level has passed suggests the pos- 
sibility of a time element in the action of quini- 
dine on the heart. In this respect, the observa- 
tions of Weiss and Hatcher* are of interest: 
these workers found that the cat heart may be 
paralyzed by very high blood stream concen- 
trations of quinidine before much absorption 
by the myocardium has occurred, whereas \ ith 
prolonged lower blood concentrations, miich 
higher myocardial levels may be reached w th- 
out paralysis. 

The adaptation of the body to continued 
administration of quinidine is even more cle:rly 
shown in the parabolic curve obtained when the 
same dose of quinidine is given day and night. 
The fact that the blood level may rise for the 
first seventy-two hours with this type of close 
schedule only to fall gradually as this same dose 
schedule is continued makes it clear why some 
patients may convert on the second or third 
day of a fixed schedule. However, it also em- 
phasizes the futility of continuing this routine 
if success is not obtained after the first few days. 
To increase the blood level of quinidine, the 
drug must then, after a few days, be given at 
more frequent intervals or in larger individual 
doses. 

The minor toxicity ana high percentage of 
successful conversions supports the opinion that 
the dangers of the use of quinidine have been 
overemphasized. Many of our patients had less 
dyspnea, less palpitations, were able to do more 
work, and, in general, were distinctly improved 
following successful conversion to sinus rhythm. 
This improvement resulted despite the fact that 
the ventricular rate when the rhythm was sinus 
in origin was essentially the same as that ob- 
tained in the well-digitalized auricular fibril- 
lation, and despite the fact that often no signifi- 
‘ant change in vital capacity, circulation time, 
or venous pressure could be demonstrated. 

The successful conversion to sinus rhythm of 
2 patients who recently had had serious arterial 
emboli while fibrillating (C.G. and V.H.) em- 
phasizes the possible benefit to be obtained in 
sinus rhythm in these patients.’ The most com- 
mon cause of arterial embolism in the series of 
Allen, Barker and Hines*® occurred in patie ts 
with auricular fibrillation. No instances of e- 
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holism occurred following conversion in the 
present series of cases.* 

“he relatively small percentage of quinidine 
th: t is excreted in the urine in relation to the 
dose given (even when given intramuscularly) 
indicates that the disappearance of quinidine 
from the blood is through metabolic processes, 
the exact nature of which are not known. Simi- 
larly, the adaptation phenomena by which the 
body responds to fixed daily doses of the drug 
reniains unexplained. 

Our observations that many patients with au- 
ricular fibrillation progress through a stage of 
auricular flutter under the influence of quini- 
dine as the auricular rate is slowed support the 
notion that both arrhythmias may be similar in 
mechanism and differ mainly in the rate of dis- 
charge of the ectopic focus.” The frequency 
with which auricular flutter is noted probably 
depends in part on the frequency with which 
electrocardiograms are taken as the conversion 
time approaches. The danger is present of a 
sudden rise in ventricular rate, as may occur if 
a 2:1 block develops,! but this happens in- 
frequently. 


SUMMARY AND CONCLUSIONS 


1. Blood and urine quinidine levels using the 
photofluorometric method of Brodie, as modi- 
fied by Linenthal, were obtained in 72 patients. 
including 30 with auricular fibrillation and 
auricular flutter in whom conversion was 
attempted. 

2. Successful conversion to sinus rhythm oc- 
curred in twenty-eight of thirty-four attempts 
in 30 patients (82 per cent). The average peak 
blood level in the cases converted was 5.9 mg. 
per ‘iter; 75 per cent of the patients converted 
tonormal rhythm at levels between 4 and 9 mg. 
per liter. These blood levels were obtained with 
quinidine dose schedules of 0.4 or 0.6 Gm. every 
two hours for five doses. 


“One patient who converted to sinus rhythm 
afte’ the present series was completed developed 
symptoms and signs compatible with a pulmonary 
eml-olus coincident with relapse of auricular fibril- 
lation. He did well and no definite diagnosis was 
male. Another patient, being prepared for con- 
version, developed a cerebral embolus and died 
before quinidine therapy was started. 


3. Blood levels higher than 9 mg. per liter 
were obtained in 6 patients but resulted in con- 
version to sinus rhythm in only 2 patients. Of 
the twenty-eight successful conversions, only 2 
patients required levels of 10 mg. per liter or 
more. Of the 6 patients in whom normal rhythm 
was not restored, levels of 10 mg. per liter or 
more were obtained in 4 patients. The likeli- 
hood of successful conversion is relatively small 
if large doses and high blood levels are required. 

4. Important toxic manifestations occurred 
in 3 patients; in 2, vomiting of sufficient degree 
precluded further treatment, and.in one patient 
a short bout of ventricular tachycardia oc- 
curred. In the last patient, a high blood level 
of 15.8 mg. per liter was required for successful 
conversion. 

5. Data on the clinical pharmacology of the 
drug have been described and information on 
the time of peak blood levels, duration of ef- 
fect, and decrement of blood levels has been 
noted. 

6. The time-dose relationship with fixed dose 
schedules and the adaptation phenomena have 
been discussed. The importance of the size of 
the individual dose and the necessity of being 
aware of the parabolic blood quinidine curve 
resulting from fixed daily dose schedules has 
been emphasized. 

7. The inverse relationship in the first twelve 
hours of the auricular rate as obtained by right 
precordial electrocardiograms and blood quini- 
dine levels indicates that the blood levels re- 
flect cardiac effects of the drug. 
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Congenital Heart Disease with Septal Defects 
in which Paradoxical Brain Abscess 
Causes Death 


A Review of the Literature and Report of Two Cases 


By SatvatoreE M. Sancetra, M.D., AnD Henry A. ZIMMERMAN, M.D. 


The presence of septal defects in congenital heart disease makes for a direct shunting of particulate 
matter from the venous to the arterial side of the circulation. In reviewing the literature we have 
been surprised to find that this phenomenon, with resultant brain abscess, has been second only 
to bacterial endocarditis as a septic cause of death. The subject deserves attention from the view- 
point of early diagnosis and cure, since the reported mortality has been almost 100 per cent. 


LTHOUGH brain abscess __ resulting 
from septic paradoxical embolization is 
well established the correct clinical 

diagnosis is rarely made. We here present an 
analysis of the 42 cases reported to date and 
add 2 of our own. 


HISTORICAL 


At this writing there are thirty articles in the 
literature concerned with 42 reported cases. In 1814 
Farre!* discussed a case of tetralogy of Fallot in a 
boy aged 9 years who died of brain abscess. Lalle- 
mand, Louis,2* and Berthody? described similar 
cases, and in 1880 Ballet* reviewed the literature 
and added one case of his own. 

By the end of the last century the entity of 
brain abscess due to septic paradoxical emboliza- 
tion was well known. In 1881, Peacock?’ reported 
such a case, and in recording the 45 cases of tetral- 
ogy described to that time stated: ‘The death of 
the patients is in the largest proportion of cases, as 
in the present instance, caused by cerebral disease. 
Two of my previously reported cases died in at- 
tacks of convulsions.” Abbott and her collabora- 
tors? reported 2 cases in 1923 and reviewed the 
literature. Sutherland'® stated in 1929: “It is an 
old standing clinical observation that cases of con- 
ge: ital heart disease often suffered or died with signs 
of verebral abscess or embolism.” In 1932, Rabino- 
Wwi'z and associates?® were the first to report a case 
wiih a correct antemortem diagnosis. Wechsler and 
K: plan’? described 2 cases in 1940 which were diag- 
nc ed correctly; both patients succumbed in spite 
of surgical drainage of the abscesses. Excellent 
di cussions of the subject are given by Robbins,*¢ 
H-nna,!* and Gates and co-workers.'* ; 


from the Department of Medicine, Western Re- 
se: ve University, and the Medical Service, Cleveland 
C ‘y Hospital, Cleveland, Ohio. 


PREDISPOSING FAcToRS 


The presence of a septal defect with the 
chance shunting of organisms and infected 
material directly into the arterial system 
without the benefit of pulmonary filtering is 
the factor responsible for the brain abscess. 
It is interesting that in none of the patients 
were other secondary abscess sites found. 
There is a considerable polemic as to whether 
organisms alone by lodging in the brain tissue 
can produce an abscess without the benefit of 
previous trauma, local ischemia, or associated 
embolization with infected particulate matter. 
Two of Hanna’s subjects'® showed unquestioned 
pathologic evidence of cerebral infarction pre- 
ceding the formation of abscess. Collis’ gives a 
good discussion of the local factors involved. 

Antecedent infection was found clinically or 
suspected and later verified post mortem in 
15 of the reported cases. In 29 instances, in- 
cluding the cases herein reported, no primary 
source of infection was located (table 1). In 
none of the patients reported were any of the 
local head and face and intrathoracic sources 
of brain abscess found. 

Bacterial endocarditis is not a factor. In 2 
patients there was bacterial endocarditis of a 
stenotic pulmonic valve,'*:** but in these 
subjects the inclusion of the defect as part of 
the tetralogy of Fallot predicated the avoid- 
ance of pulmonary filtering by way of the 
septal defect. 


NATURE OF THE ABSCESSES 
In forty-two instances it was possible to 
analyze the abscesses found. Thirty-seven 
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Author 


Farre™ 


Lallemand?* 


Louis*4 


Berthody? 


Ballet 


Peacock: 77 


Stone*®® 


Northrup?* 


Acker? 


Jacobi? 


Packard?* 


Deneke!! 


Heigel?® 


Abbott et al.? 


Abbott et al.? 








Year 


| 1814 


| 1880 


1894 


1895 | 


| 1895 


| 1895 | 


1906 | 


| 1913 


1923 


1923 | 














A 
Gyears)| S€* 
9/M 
57 | F 
25 | M 
21 | F 
| 
15|M 
| 
7|M 
| 
19 | F 
43) M 
10| F 
29|M 
?|M 
18 | M 
| 
10| F 
10 | M 
11|M 


Antecedent 
Infection 


Unknown 


Unknown 


Unknown 


Unknown 


Unknown 


Unknown 


Unknown 


Unknown 


Unknown 


Unknown 


Unknown 


None 


None 


Phlegmon rt. 
arm 

Acute appendi- 
citis 


Cardiac Lesion 


Tetralogy of 


Fallot 

Patent F.O., 
tricuspid and 
pulmonic 
stenosis 

Basal ventricular 
septal defect 


| Basal I.V. septal 


defect; hypo- 
plasia pulmo- 
nary artery 

Basal I.V. septal 
defect; aplastic 
rt. ventricle; 
tricuspid 
atresia; both 
atria open in 
left ventricle 

Tetralogy of 
Fallot 


_ Basal I.V. septal 


defect as part 
of tetralogy of 
Fallot? 


| Tetralogy of 


Fallot 


Transposition of 
great vessels; 
basal I.V. sep- 
tal defect; 
patent F.O. «& 
ductus arteri- 
osus 

Basal I.V. septal 
defect 

Basal I.V. septal 
defect ; patent 
F.O. 

Tetralogy of 
Fallot; patent 
ductus arteri- 
osus 

Ebstein’s disease 
with patent 
F.O. 

Tetralogy of 
Fallot 

Tetralogy of 
Fallot; patent 
ductus arteri- 
osus 


TaBLeE 1.—Reported Cases of Brain Abscess Associated With Congenital Heart Disease 


| Location and Number | 


of Abscesses 


Rt. cerebral 
hemisphere (1) 

Rt. frontal lobe 
(1) 


Rt. ant. corpus 
striatum (1); 
rt. optie tract 
(1) 

Left occipital 
lobe (1) 


Rt. frontal lobe 
(1) 


Rt. ant. cere- 
brum (1) 
Rt. occipital 

lobe (1) 


Cerebral (1); 
location not 
given 

Not given 


Lt. temporal 
lobe (1) 
Location un- 
known (1) 


Rt. cerebrum (1) 


Left cerebrum 
(1) 


Brain not ex- 
amined 

Lt. frontal lobe 
(1) 


Microorganisms in 
Abscess 


Unknown 


Unknown 


Unknown 


Unknown 


Unknown 


Unknown 


Unknown 


Unknown 


Diplococcus 
lanceolatus 


Unknown 


Unknown 


Streptococcus 


Gram-pos. cocci 
«& bacilli; gram- 
neg. bacilli 

Unknown 


Streptococcus 





a Napoli SOA trac 
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Author 


R ab’ 


Bo ch5 
Baumgartner & 
\bbott® 
R:ibinowitz et 
Drev et al.!2 
Ingham?: ?! 


Wechsler & 
Kaplan‘: * 


Wechsler & 


Kaplan’: 7 
Hanna!? 
Hanna! 
Hanna!9 
Hanna!® 
Hanna?® 
Hanna 
Ruhberg*! 

Van & Miller** 


Year 


1923 


1928 


1929 


1932 


1938 


1938 


1940 


1940 


| 1941 


1941 


Age 


(years) 


1941 


1941 


| 1941 


1941 | 


1942 


1944 


18 


34 


10 


19 


46 


Sex 


M 


M 


M 


F 


M 


M 


M 


TABLE 1.—Continued 


Antecedent | 
Infection 


Cardiac Lesion 
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Location and Number 
of Abscesses 





Unknown 


Le 

| 

| 

| 

| 

Removal of 6 | 
carious teeth 

None 

None 

None 

Acute upper res-| 
piratory in- 


infection 
None 


Acute upper 
respiratory | 
infection 

Unknown 


Unknown 
Unknown 


Unknown 


Acute upper res- 
piratory in- 
infection 


Pain in knee, 
fever, 7 days | 

Acute upper res-| 
piratory in- 
fection 





Pharyngeal 
abscess 





| Tetralogy 


| Tetralogy 


Tetralogy of 
Fallot; patent 
F.O. 

Tetralogy of 
Fallot; patent 
F.O. 

Eisenmenger’s 
complex 


| Tetralogy of 


Fallot 


Cor biatriatum 


triloculare 
Patent foramen 
ovale 


of 
Fallot 
of 
Fallot 


Basal I.V. 


defect 


septal 


Basal I.V. 
defect 
Tetralogy 
Fallot? 

Tetralogy of 
Fallot; bicuspid 
pulmonie valve 

Muscular I.V. 
septal defect; 
subpulmonie 
stenosis; pul- 
monary atresia 

Atrial septal 
defect 


septal 


of 


Basal I.V. septal 
defect; pul- 
monary steno- 
sis 


| Pseudomono- 


ventricular 
heart; trans- 


position great | 


vessels; pul- 


| 





monary steno- | 


sis 


Rt. cerebrum (1) 


Rt. postero- 
temporal (1) 


Rt. frontoparie- 
tal (1) 
Cerebellar (1) 


Intraventricular 
cerebral (1) 
Left temporopa- 

rietal (1) 


Rt. frontopari- 
etal (1) 

Rt. frontal lobe 
(1) 


Lt. internal cap- 
sule & thala- 
mus (1) 

Lt. frontal lobe 
(1) 


| Lt. thalamus (1) 


| Rt. temporal 


lobe (1) 


Rt. occipital lobe 
lobe (1) 


Multiple infarcts 
«& abscesses, rt. 
frontal lobe 

Multiple abscess- 
es, rt. occipi- 
tal lobe 


Rt. frontal lobe 
(1); It. frontal 
lobe (1) 
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Microorganisms in 
Abscess 


Gram-neg. rods 


Gram-pos. rods 


Hemolytic 
streptococcus 

B. coli 

Not done 

Unknown 

jram-neg. rods 
& diplococci. 

Streptococcus 


viridans 


Streptococcus 


H. influenzae 
H. influenzae 


No organisms 
found 


Unknown 


Unknown 


B. coli, Staphy- 
|  lococcus albus, 
hemolytic 
streptococcus 
| Unknown 
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Author 


{obbins*® 


Robbins*® 


Robbins*® 


Sidenburg 
als. = 


Smolik et al. 


Gates 


Gates 


Gates 


Gates 


Hand” 


Hand" 1947 


This report" 1949 


This report 1949 


TABLE 1.—Continued 


Antecedent 
Infection 


Unknown 


Severe pyor- 
rhea, stoma- 
titis 


Unknown 


Severe stoma- 
titis & gin- 
givitis 

P.U.O. 2 wks. 
prior to on- 
set abscess 
symptoms 

Tonsillectomy 


Unknown 


Unknown 


Acute upper 
respiratory 
infection 

Acute upper 
respiratory 
infection 


Unknown 
None 


None 


Cardiac Lesion 


Tetralogy of 
Fallot 

Tetralogy of 
Fallot; patent 
ductus arterio- 
sus 

Tetralogy of 
Fallot; patent 
ductus arterio- 
sus 

Tetralogy of 
Fallot 


Prob. I. V. septal 
defect with ? 
patent ductus 
arteriosus 

Cor biatriatum 
triloculare ; 
patent F.O. 

Tetralogy of Fal- 
lot; patent 
F.O. 

Tetralogy of Fal- 
lot 

Atrial septal de- 
fect 


Tetralogy of 
Fallot 


Tetralogy of 
Fallot 

Tetralogy of 
Fallot 

Basal I.V. sep- 
tal defect ; 
patent ductus 
arteriosus 


Location and Number 
of Abscesses 


Lt. parieto- 
occipital (1) 

Rt. parieto- 
occipital (1) 


Left temporal 
lobe 


Lt. parietal lobe 
(1) 


Lt. frontal lobe 
(1) 


Lt. temporo- 
occipital (1) 


Rt. frontal lobe, 
posteroinferior 
(1) 

Lt. frontopa- 
rietal (1) 

Rt. occipito- 
parietal (1) 


Lt. temporal 
(1); It. oe- 
cipital (1); It. 
parietal (1) 

Rt. temporal 
lobe (1) 

Probably It. pa- 
rietal occipital 

Lt. temporal 
lobe (1) 


Microorganisms in 
Abscess 


Hemolytic 
streptococcus 
No growth (su 


fonamide ther 


apy) 


No organisms 
on smear «& 
culture 


B. pyocyaneus, 


Staph. aureus, 


B. coli 
H. influenzae 


Unknown 

Gram-neg. an- 
aerobic rods 

Unknown 


Actinomyces 


bovis 
Gram-pos. 
diplococei 
Unknown 
? Gram-pos. 


diplococei 
Hemolytic 


Staphylococcus 


albus 


F.O. = foramen ovale; I.V. = interventricular; ant. = anterior 
« Clinical diagnosis; necropsy limited to thorax. 
» Acute endocarditis of lower pulmonary conus orifice. 
« Correct clinical diagnosis. 






“ Correct clinical diagnosis; left temporoparietal decompression; death thirteen days postoperatively. 
* Clinical diagnosis; abscess trephined; death in fifty days; no necropsy. 

‘ Clinical diagnosis; abscess trephined; sulfapyridine therapy; death in forty-three days. 

* Acute bacterial endocarditis on pulmonary valve (H. influenzae). 

* Correct clinical diagnosis. 


kl 7 AAD at es Ses iat 


' Correct clinical diagnosis; surgical aspiration of abscess; complete recovery in two months. 

’ Correct clinical diagnosis; surgical drainage; death in twenty-nine days. 

* Correct clinical diagnosis; death before localization of abscess. 

™ Correct clinical diagnosis; evacuation of abscess with apparent recovery; recurrence and death. Bacter al 
endocarditis of aortic valve. 

" Clinical diagnoses; permission for necropsy denied. 
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were solitary whereas 5 patients had multiple 
abs esses. In 21 patients the abscesses were in 
the right hemisphere, in 15 they were left 
sid |, and in one patient a cerebellar abscess 
was found. In 25 of the patients, a postmortem 
bac eriologie study of the abscess was at- 
ten oted. Micro-organisms were identified on 
smear or cultured in 15 of these. The species 
were wide in range (table 1). Chronicity of the 
abscess oecurred in the few patients who had 
benefit of chemotherapy or surgical inter- 
veniion. 


DIAGNOSIS 


In only 9 patients was the correct clinical 
diagnosis made. In 6, surgical drainage or de- 
compression was performed, but only one 
patient survived. 

Taste 2.—Age and Sex Distribution in Forty-three 
cases of Congenital Heart Disease with Paradoxical 
Brain Abscess 


No. of | 
| Cases 


Age (Years) 

(0-9 ; io] oe 
10-19 oe : 17 
20-29 ee 6 
30-39 : + 
10-49 1 
50-59 1 
Age Unknown : l 
Total : 44 


Age Range: 3 to 57 
years 

Average Age: 16.6 
years 

Sex Distribution: 
Males 22 


Females 


The diagnosis should be suspected in all 
patients with known congenital septal defects 
who have symptoms of central nervous system 
involvement. It should be especially suspected 
in young subjects. Although the age range of 


the patients included in this report varied 
from 3 to 57 years, the average age was 16.6 
years (table 2). An overwhelming number of 
patients have a history of acute onset of fever, 
head:che, and lethargy, often associated with 
nausea or vomiting. The lumbar puncture 
ofter: reveals an increase in pressure and a 
sligh' to moderate increase in cells. It is this 
arly predominant lymphocytosis, or even the 
com lete initial absence of pleocytosis, so 
cha: \eteristie of early developing: brain ab- 
sces-, which often leads to a mistaken diag- 
nos: of encephalitis or tuberculous meningitis. 
Blo d and spinal fluid cultures should be made 


but diagnostic dependance upon them is to be 
decried. In the 44 cases reported, blood culture, 
when made, was consistently negative. Spinal 
fluid culture was attempted in 17 instances, 
and in the 5 patients in whom it was positive 
the abscess had ruptured with a resultant 
terminal meningitis. 


Report OF CASES 


Case 1.—The patient, A. W., a 9 year old white 
boy, cyanotic since birth, was admitted to the 
Contagious Division, Cleveland City Hospital, on 
June 5, 1946. The admission diagnosis was “‘acute 
encephalitis.” He had been treated since May 13 
at another hospital with penicillin and sulfadiazine 
for an alleged “streptococcus infection” charac- 
terized by headache, fatigueability, and fever. Eight- 
een days prior to admission into this hospital the 
boy developed right facial weakness. No history of 
antecedent infection could be elicited. 

The patient was acutely and chronically ill. The 
physical and roentgenologic findings were charac- 
teristic of the tetralogy of Fallot. Brudzinski’s 
sign was questionably present bilaterally, there was 
weakness in the muscles supplied by the right facial 
nerve, and the speech was thick. 

Laboratory Studies: The hemogram revealed a 
hemoglobin of more than 17 grams, and a red blood 
cell count of 9,000,000, with 10,000 white cells, 
predominantly polymorphonuclear leukocytes. On 
lumbar puncture the spinal fluid pressure was 390 
mm. of water, the protein value was 55 mg. per 
100 ce. of fluid, the chloride value 445 mg. per 100 
ec. (as Cl), and the cell count 18 per cubie milli- 
meter. Organisms could not be demonstrated in the 
blood and spinal fluid by culture or smear. 

Hospital Course: The boy was given penicillin 
and sulfadiazine. The temperature throughout the 
hospital stay fluctuated between 36.8 and 39.8 C. 
On the second day} weakness of the right arm and 
leg developed. Sulfadiazine was discontinued be- 
cause of gross hematuria, which did not recur. He 
seemed to be improving and the temperature be- 
came normal, but on the eighth day the temperature 
rose to 38.5 C., and the patient became confused. 
There was marked nuchal rigidity and sustained 
ankle clonus on the right. Lumbar puncture re- 
vealed 11,200 cells per cu. mm. of fluid, almost all 
of them being polymorphonuclear leukocytes. Gram- 
positive diplococci were seen on smear and grown 
on culture. On the nineteenth day the optic dises 
became fuzzy, right facial weakness was more pro- 
nounced, and there was tremor, dystereognosis, and 
paresis of the right arm and leg. The diagnosis of 
brain abscess in the left parieto-occipital area with 
rupture and secondary meningitis was suggested. 
The patient failed to respond to continued chemo- 
therapy and died on the thirty-third hospital day. 
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Comment: Although necropsy was not. per- 
mitted, it was obvious that this patient suf- 
fered from a veno-arterial shunt,. which most 
likely was part of the tetralogy of Fallot. The 
course and findings were characteristic of a 
brain abscess producing a local, surface menin- 
gitis, followed by rupture into a lateral ventricle 
and flooding of the cerebrospinal fluid with 
pus. The correct diagnosis was made too late 
to be of benefit to the patient. A diagnosis was 
made initially of bacterial endocarditis with 
cerebral embolism, which was adhered to in 
spite of persistently negative blood culture (a 
common occurrence in brain abscess). More- 
over, therewere no clinical findings to sub- 
stantiate the diagnosis other than the presence 
of congenital heart disease of a type in which 
bacterial endocarditis is of low incidence.' In 
retrospect the circumstances were such that, 
coupled with the signs of early localization, a 
correct diagnosis could have been attained in 
two days following admission to this hospital. 


Case 2.—The patient, J. D., a 35 year old Negro 
woman, known to have an interventricular septal 
defect, was first admitted to the Tuberculosis Divi- 
sion, Cleveland City Hospital, in 1937, because of 
far advanced pulmonary tuberculosis without cavita- 
tion. After two years’ bed rest, she was followed in 
the Outpatient Department and continued to re- 
main asymptomatic until March 22, 1947, when she 
complained of sudden onset of nausea, intermittent 
vomiting, severe headache, and fever, which con- 
tinued unabated until March 30, when she became 
stuporous. She was seen by a physician, and ad- 
mitted to the Contagious Division, Cleveland City 
Hospital, on April 1, 1947, with the diagnosis of 
acute encephalitis or tuberculous meningitis. 

On admission the patient was semicomatose. The 
right optic disc showed slight papilledema. There 
was definite nuchal rigidity. The heart was not en- 
larged, and the murmur heard previously apparently 
had not changed. The lungs were clear to percussion 


and auscultation. The Kernig and Brudzinski signs’ 


were present, and the deep tendon reflexes were 
hyperactive on the left side. 

Laboratory Studies: The red blood cell count was 
6,400,000, the hemoglobin value 20 grams, and the 
white blood cell count 16,900; 90 per cent of the 
white cells were polymorphonuclear leukocytes. This 
picture may have been partially modified by the 
patient’s extreme dehydration. The spinal fluid (lum- 
bar puncture) was under 54 mm. of water pressure; 
there were 80 cells per cu. mm. of fluid, all of them 
being mononuclear leukocytes. Twenty-four hours 
later the spinal fluid contained 160 cells per cu. 


mm., 90 per cent of which were mononuclear cells: 
the protein value was 180 mg. and the chloride 
(as Cl) value 486 mg. per 100 ec. of fluid. Cultiures 
of the spinal fluid and of the blood showed no gro yth, 

Hospital Course: The patient remained unvon- 
scious, often moving aimlessly the left arm and leg, 
both of which showed marked increase in extensor 
tonus. She failed to regain consciousness and ex) ired 
after forty-eight hours. 

Necropsy: The heart weighed 350 grams. |ioth 
right and left ventricular walls measured 1 ei). in 
thickness. All valves were normal and no endoc irdi- 
tis was present. There was a basal interventri ular 
septal defect which was oval and measured 1./) em. 
in the greatest diameter. The ductus arteriosus was 
patent, but the lumen was only 2 mm. in dian eter, 
At the tip of the right temporal lobe was an ::cute 
globular abscess measuring 5 cm. in diameter, ‘rom 
which 60 cc. of foul-smelling pus were evacuated. 
Smears of this abscess showed many gram-positive 
cocci, and on culture a hemolytic Staphylococcus 
albus was grown. The mastoid air cells and accessory 
paranasal sinuses were normal. The leg veins were 
not thrombosed. In the lungs there was moderately 
extensive fibrosis and nodulation consistent with 
healed tuberculosis. No primary source of the acute 
infection was found. 


Comment: This patient was practically 
moribund on admission, and there was little 
that could have been done diagnostically or 
therapeutically. As is common in patients with 
brain abscess, the blood culture, and _ spinal 
fluid smear and culture were all negative. 
Cognizance of the not infrequent complication 
of congenital heart disease with septal defects 
by brain abscess, coupled with the pointing 
history of sudden onset of symptoms and the 
suggestion of localization (extensor rigidity 
of the left sided extremities, right papilledema), 
might have led to immediate consideration of a 
diagnosis which was not even suspected. 


PuHysIoLoGic CONSIDERATIONS 


For many years it has been speculated, 
partly on the basis of paradoxical embolization, 
that a right-to-left shunt must occur sometime 
during the cardiac cycle in the presence of 
septal defects. Physiologic studies on living 
patients by means of cardiac catheterization 
have now shown this to be true beyond dispute. 
In Fallot’s tetrad the shunt is obvious, «nd 
Bing and associates* have shown that ‘his 
shunting from right to left occurs in ‘he 
absence of failure, owing to the overriding of 
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the aorta. This direct shunt is again obvious 
on .natomie grounds alone in the instances of 
con jlete transposition of the great vessels 
and of monoventricular hearts. 

[util now it has been assumed that in the 
pre-ence of a functionally patent foramen 
oval: or of an atrial septal defect the shunt is 
enti cly from left to right until such time as 
fail ve supervenes, when a reversal of flow is 
said to occur, favoring paradoxical emboliza- 
tion. In instances in which failure was not 
demonstrable, chance interplay ot blood cur- 
rents at the orificial margin has been held 
responsible.!® Cournand and colleagues’? have 
studied this problem. By direct catheterization 
of right and left auricles in three young sub- 
jects with no evidence of failure, they demon- 
strated the overall preponderance of left-to 


TaBLE 3.—Cardiac Lesions Encountered 
(Forty-four Cases) 


Tetralogy of Fallot. 

Basal interventricular septal defect 

Patent foramen ovale and atrial septal defect 
Cor biatriatum triloculare 


Complete tre nappeettion of great onneein: Cy 
Kisenmenger’s complex . 

Muscular interventricular septal defect. 
Miscellaneous. 


right flow. They likewise showed that reciprocal 
admixture is distinctly possible. Simultaneous 
recording of pressures with a double-lumen 
catheter, however, is needed to prove this 
point definitely. Additional evidence is afforded 
by lower oxygen saturation of peripheral arterial 
blood during periods of exercise as compared to 
blood from the pulmonary vein.'* 

In solitary ventricular septal defects it has 
not been demonstrated that a right-to-left 
shunt occurs in the presence of a totally un- 
embarassed right ventricle, but exercise tol- 
eranc’ tests have shown a decrease in periph- 
eral a terial oxygen saturation in patients who 
at rest showed no evidence of failure.'® 

In the cases analyzed in this report, there 
were 9 instances of ventricular septal defect 
(tabl: 3). Of these, one was not proved by 
heer psy. In 4 instances the defect was asso- 
ciate | with pulmonary stenosis or hypoplasia, a 


factor which would enhance the load on the 
right ventricle and lead toincreased opportunity 
for reciprocal blood admixture. 

There were 5 instances of isolated defects in 
the atrial septum. In one, further embarrass- 
ment was caused by associated pulmonary 
stenosis, in the other by a displaced, insufficient. 
tricuspid valve (Ebstein’s disease). 

There is no clear evidence in the 4 patients 
with solitary ventricular defects and in the 3 
with atrial defects that early failure was not 
present. In all instances there was anatomic 
evidence of right-sided enlargement. None of 
these patients were younger than 18 years of 
age, which would point to a prolonged period 
of stress on the right side of the heart before 
failure becomes manifest. 


DISCUSSION 


Robbins*®® has been quoted before, but it 
may not be amiss to cite him again: “In all 
probability, this apparent obscurity and pau- 
city of reported cases represents the failure 
either of their recognition or of their publica- 
tion, rather than the rarity of their occurrence.” 
Maude Abbott! found 98 instances of bacterial 
endocarditis and endarteritis (17.6 per cent) 
in 555 autopsied congenital hearts. Gates and 
co-workers'® reviewed 115 fatal cases of con- 
genital heart disease. They found 5 instances of 
brain abscess (4.3 per cent) and 8 of bacterial 
endocarditis (7 per cent). Robbins*® reviewed 
the records of 53 autopsy subjects who had 
congenital heart disease and found 3 instances 
of paradoxical abscess (5.6 per cent). Hanna'® 
described 6 cases in a series of 160 autopsy sub- 
jects with congenital heart disease, an inci- 
dence of 3.8 per cent. This indicates that the 
condition is probably one-fourth as common as 
bacterial endocarditis, yet mention of this 
fact is rare; the diagnosis is usually missed, 
and many cases are probably not reported. 
The relative frequency of the condition is 
magnified when one studies the breakdown of 
Maude Abbott’s cases. In 59 instances of 
transposition of the great vessels, bacterial 
endocarditis occurred in 6 patients (10 per 
cent); in 21 patients with cor biloculare and 
triloculare, none; in 31 patients with patent 
foramen ovale, none. The incidence was con- 
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siderably higher in patients with atrial septal 
and basal interventricular septal defects. 
This is in accordance with her explanation 
that “juxtaposition of the defect to the 
valvular endocardium and the attainment of a 
moderately advanced age are two factors that 
definitely increase the rate of frequency.” 

The great prevalence of solitary abscesses 
offers inducement to early diagnosis, as does 
the improved outlook for patients with the 
tetralogy because of the successful results of 
the Blalock-Taussig operation. In addition, 
Selzer and associates*' have recently suggested 
remedial surgery in patients with pulmonary 
stenosis associated with patent foramen ovale. 
In one of our collected cases this combination 
of anomalies was presented. 


CONCLUSIONS 

1. Two cases of paradoxical brain abscess 
due to crossed septic emboli in patients with 
congenital septal defects of the heart are pre- 
sented, and the literature is reviewed. 

2. The incidence of this complication is 
probably much higher than is reported. As a 
specific bacterial cause of death in patients 
with congenital heart disease, paradoxical 
brain abscess stands second only to bacterial 
endocarditis. 

3. Brain abscess should be suspected in all 
patients with congenital heart disease with 
septal defects presenting symptoms of central 
nervous system involvement. 

4. Improvements in cardiac surgery, and 
the relative longevity of patients with isolated 
septal defects, particularly with the present 
availability of antibiotics, further justify all 
attempts to improve the poor therapeutic 
results reported to date. 
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Arteriovenous Fistulas of the Lungs 


By SamvEt Barr, M.D., ALBERT BEHREND, M.D., AnD Haroip L. GoLtpsurGu, M.D., 


Two eases of pulmonary arteriovenous fistula (or aneurysm) are presented, one of which is re- 
ported in detail. Twenty-three other cases of pulmonary arteriovenous aneurysm or fistula pre- 
viously reported in the American literature are reviewed, and the clinical, laboratory, radiologic, 
physiologic, pathologic and hereditary features of this condition discussed. Clubbing of the fingers 
and toes, polyeythemia and cyanosis are almost constant findings. The importance of differentiat- 
ing this condition from polycythemia vera and congenital heart disease is emphasized. 


UBLISHED studies of pulmonary arte- 

riovenous fistulas are not very common. 

There was no case of pulmonary arterio- 
venous aneurysm among the 111 cases of aneu- 
rysm of the pulmonary artery reviewed by 
Boyd and MeGavack.' Brief case reports of 
malignant pulmonary hemangiomas were pub- 
lished in 19312 and 1935,? and in 1936 Bowers? 
reported a fatal pulmonary hemorrhage due to 
a benign hemangioma in a newborn infant. It 
was not until 1938, however, that Rodes’s® de- 
tailed description of a case called attention to 
its occurrence in adults. Since then the ac- 
cumulated reports*** suggest that though pul- 
monary arteriovenous fistulas are relatively un- 
common, the great majority have clinical and 
laboratory features which are typical and 
readily recognizable (table 1). 

The disturbance is most apt to be found in 
the male, and all but five cases were recognized 
before the patient reached the age of 30 years. 
Cyanosis, clubbing of the digits, and _ poly- 
cythemia are the cardinal diagnostic findings. 
Dyspnea is an outstanding complaint and 
hemoptysis has occurred in one-third of the 
cases. Fainting, dizziness, convulsive seizures, 
and other cerebral manifestations are important 
secondary symptoms. At least half of the pa- 


tients had telangiectasias or other vascular de- - 


fects in the skin and mucous membranes. Ab- 
normal pulmonary bruits were also present in 
50 per cent of the cases. 

As far as we are able to determine, the case 
we are reporting is the twenty-fourth on record 
in the American and English literature.* Others, 


From the Medical and Surgical Wards of Jewish 
Hospital, Philadelphia, Pa. 

* Since this paper was submitted for publication, 
an excellent discussion of this topic, listing 44 cases 


however, have been observed but remain .n- 
reported. We believe this disturbance is im- 
portant not because of its rarity and bizarre 
features, but because many such cases are prob- 
ably masquerading under a diagnosis of con- 
genital heart disease or polycythemia vera. In 
view of the ever-present risk of severe or even 
fatal pulmonary hemorrhage, and the _possi- 
bility of cerebral complications, the advant:ages 
of early diagnosis and surgical correction be- 
come apparent. 


CasE REPORT 


J. H., a white man, age 21 years, was first seen at 
the age of 14, in January 1941. During routine ex- 
amination for an upper respiratory infection, marked 
cyanosis of the lips, and cyanosis and clubbing of the 
fingers and toes were noted. 

He had been quite normal at birth. No specific 
abnormality in infaney was recalled by his parents. 
Since 1940 they had noted considerable duskiness 
of his lips and fingernails in cold weather and on 
vigorous exercise, especially swimming. Competition 
for the track team in high school had to be dis- 
continued because of breathlessness. During a few 
months prior to the initial examination the patient 
had had a number of nosebleeds. The examination 
revealed a dusky cyanosis of the lips, fingernails, 
and toenails, with slight clubbing of the fingers and 
toes. The chest appeared completely normal. Neither 
by palpation nor percussion was the heart found to 
be enlarged; no thrills were felt. The heart sounds 
were of medium intensity and regular. A faint mitral 
systolic bruit was audible. Neither the liver nor 
spleen was palpable. The blood count revealed !07 
per cent hemoglobin (Sahli) with 6,250,000 eryt!:o0- 
cytes per cubic millimeter. The leucocyte and if- 
ferential counts gave normal values. A diagnosi~ of 
polycythemia vera was made, and treatment ¢ n- 
sisting of weekly venesections was begun, 250 c« 
blood being withdrawn during each treatment. 


in the American and foreign literature, has been | 
lished by Yater and others (J.A.M.A., No. 141, | 
581, October 1949). 
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At intervals during the next six years the patient 
underwent a series of venesections when his red 
blood count became too high, or the cyanosis too 
marked. At times the erythrocytes exceeded 8,000,- 


Fic. 1.—Roentgenogram, anteroposterior view, 
of the chest taken in November 1947. The nodular 


shadows in both lower lobes are readily seen. 


despite reduction of the hemoglobin to 13 to 14 
grams and the red cells to 4,700,000, the eyanvsis 
was still present. The significance of this was jot 
appreciated at that time. 


Fic. 2.—Roentgenogram, lateral view, taken 


in November 1947. 


TABLE 2.—Laboralory Data 


11-20-47 11-25-47/ 12-30-47 | 1-5-48 
| | 


Red blood cells (per,4,900,000 
cu. mm. blood) 

Hemoglobin (grams 13.0 
per 100 cc. blood) 


White blood cells 8,400 8,500 6,700 


(per cu. mm. 
blood) 


Hematocrit 439 5AM 


Blood sugar (mg. 99 143 
per 100 cc. blood) 

Blood urea (mg. per 11 10 
100 ce. blood) 

Blood CO, 58° 69% 

Prothrombin time 19 sec. 

Blood uric acid (mg. 
per 100 ce. blood) 


1-12-48 


11.5 12.0 


| ww +s | 
| 1-20-48 4-22-48 5-10-48 | 12-15-48 {12-27-48 
= 


6, 850, 000/6 600 , 000 5,960, 00015, 570, 000,7 , 500,000 6 , 000 , 000) 5, 650 , 000 


10.8 16.7 13.2 14.7 


7,000 





000 per c. mm., and the hemoglobin reached 19 
grams. He weathered a number of upper respiratory 
infections without difficulty. The bouts of epistaxis 
decreased, but effort dyspnea became a prominent 
symptom. Special note was made of the fact that 


In May 1947, detailed hematologic studies were 
made, and the diagnosis of polycythemia vera »:ri- 
ously questioned. In October 1947 the patient ha! a 
profuse hemoptysis and x-ray study of the chest \as 
advised. On photofluorography a diagnosis of «d- 
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border of the heart. A roentgen study of the chest 


was then made (figs. 1 and 2). The bizarre nodular 
gist concluded that ‘in view of the patient’s history 


opacities previously noted were seen. The radiolo- 


arotid tracings made preoperatively. 
aken over the right posterior thorax, during expiration. 


aken in the right posterior thorax opposite the seventh 
Note the increase in intensity in the murmur. 
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Fic. 3.—Simultaneous stethograms and ¢ 


each record are carotid tracings. 
the left axilla. B, Stethographic record t 


dorsal spine, during inspiration. C, 
noted in the right lower lobe and at the left 


ed tuberculosis of both lower lobes was made. 


Spu im examinations showed no evidence of tuber- 
culc-is. On fluoroscopy, peculiar nodular opacities 
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of polycythemia, the findings in the chest can be The patient was admitted to Jewish Hospita! on 
explained on the basis of a polycythemia vera. Large the medical service of Dr. H. L. Goldburgh, on 
nodular shadows in the lungs, as well as pulmonary November 18, 1947. On admission, the cyanosis of 
vascular dilatation, do occur in this condition. We the lips, fingers, and toenails was noted. There was 
believe, however, that a diagnosis of multiple pul- obvious clubbing of the fingers and toes. By pa'pa- 


Fic. 4.—Electrokymograms and carotid tracings made preoperatively. Lower curves in each 
record are carotid tracings. A, Electrokymograms taken over the middle left border of the heart 
and the lesion in the left lung (posterio-anterior projection). The upper curve on the left is that of 
the middle border of the left ventricle. The upper curve on the right, which is quite similar, is that 
of the lesion in the left lung. B, Electrokymograms taken over the pulmonary artery (upper left) 
and the lesion in the right lower lung (upper right). The lesion in the lung showed an active move- 
ment of its borders corresponding to the arterial type of curve such as usually obtained over the 
pulmonary artery. 


TABLE 3.—Arterial Oxygen and Cardiac Output Studie 8 


itoomat Values| 12-1-47 12-15-47 3-1-48 | 6-23-48 | 7-28-48 | 10-20-48 | 12-15-48 12-23-48) 1-12-49 1 12-49° 








Oxygen Content (vol. %) 621.2! 9.7) .7 (13.1 | 11.2] 12.5 | 15.6 | 15.85/17. 
Oxygen capacity (vol. %) .1-21.7 | 15. 3. 20.8 | 16.2} 22.0} 19.7 | 19.4 |19. 
Oxygen saturation (%) | 162.9 | 69.0 | 57.0 | 78.9 | 81.7 
Hematocrit | 0\48 .5% 
Cardiac output (liters/minute) . a 9. 15.0 | 11. 
Cardiac index (liters/minute/ | 

RMR OD rior e celtic acinus mete 2.2-6.0 | a3 ‘ : 9.5 | 6.7 





Right lower lobectomy on 1-6-48; left lower lobectomy on 5-12-48; left lingulectomy on 9-28-48. 

Determinations made in the Department of Physiology, Temple University Medical School, except those 
12-23-48 and 1-12-49 which were made in the Pulmonary Function Section, Graduate School of Medicine, | 
versity of Pennsylvania. 

* After inhalation of 100 per cent oxygen. 
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monary cavernous angioma or arteriovenous fistula tion and percussion, the heart was found to 

is more likely. Secondary polycythemia is part of the slightly enlarged to the left; a faint mitral systo 
clinical syndrome of this disease. Angiocardiography bruit was audible. A few days after admission, briiits 
could be used to prove the diagnosis.”* With this could be heard readily over the right base posteri rly 
diagnosis in mind hospitalization was advised for and in the left axilla. These were not noted 
confirmation and possible surgical therapy. thorough auscultation a few weeks previously. 1 he 
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and spleen were not felt. The presence of 
rate cardiac enlargement was demonstrated by 
orthodiagram and x-ray study of the chest, as 
the shadows and nodular opacities previously 
in the lower lung fields. Some of the laboratory 
tabulated in table 2. We 
. noted the presence of deep cyanosis despite a 
vely normal blood count. Arm-to-lung and arm- 
ngue circulation times were normal, Attempts 
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discharged on December 4, 1947, with the under- 
standing that surgery would be undertaken early in 
January 1948. Two weeks after leaving the hospital 
he had a number of severe hemoptyses, and he was 
readmitted December 29, 1947. 

After the pulmonary bleeding subsided, lobec- 
tomy of.the right lower lobe was performed on 
January 6, 1948. (Details of the surgical problems 
encountered in this and later operations are being 


Py 


Fic. 5.—Ballistocardiogram taken on December 15, 1947 (30-gram weight calibration, Nickerson 


technic). 


Cardiac index averaged 7.0 liters per square meter per minute. 


Fic. 6.—Roentgen-ray films taken in September 1948. Note the large A-V fistula in the lingual 


vortion of the left upper lobe. 


to de! neate the pulmonary shadows by intravenous 
Diod: 1st were twice unsuccessful. 

Sy.chronous sound and carotid tracings and 
roen! xenkymograms gave further evidence that these 
puln. nary lesions were due to vascular abnormali- 


ties 
and 
met 

1 
sid 
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igs. 3 and 4). Arterial oxygen determinations 
‘ardiac output by the ballistocardiographic 
id were obtained (table 3, and fig. 5). 

e various procedures performed were con- 
ed confirmatory of the diagnosis of bilateral 
ovenous fistulas of the lungs. The patient was 


reported elsewhere.2‘) At operation numerous dusky, 
pulsating vascular tumors were seen throughout the 
right lower lobe. The thrill felt on palpation dis- 
appeared upon compression or clamping of the pul- 
monary artery supplying the lower lobe. During the 
operation several large blood vessels were noted 
entering the inferior portion of the right lower lobe; 
these seemed to have penetrated the diaphragm. 
Dissection of the lung specimen revealed marked 
dilation of the pulmonary artery and vein which 
had numerous large branches. These communicated 
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with a number of cystlike cavities 0.5 to 2.0 em. in 
diameter. Each cyst communicated with two vessels, 
probably an artery and a vein. One could not always 
be certain of this, however, for even at the hilum 
there were so many vessels that veins and arteries 
could not be distinguished. 

The patient did quite well postoperatively. Im- 
provement was slow but continuous. Effort tolerance 
increased and the cyanosis became less, though it 
never completely disappeared. Repetition of the 
ballistocardiographie study showed a decrease in 
cardiac index to 6.0 liters per minutes. The pre- 
operative oxygen saturation of 53 per cent rose to 82 
per cent postoperatively, as seen in table 3. 


factorily, and on May 12, 1948, lobectomy of the 
left lower lobe was performed. Study of the |eft 
lower lobe revealed a number of arteriovenous ¢)m- 
munications, varying in size and similar to those 
found in the right lower lobe. The postoperative 
course was uneventful; the patient was discharge | in 
twelve days. However, it was observed during the 
next few weeks that the cyanosis had not di-ap- 
peared, that the oxygen saturation had decre:aed 
to 62 per cent, and that the red cells rose to ver 
6,000,000 per cubic millimeter. A persistent ta hy- 
cardia of 110 developed and deep cyanosis :on- 
tinued. It was felt that we were dealing with some 
postoperative pulmonary complication, or pos-ibly 





Fic. 7.—Roentgenograms of the chest taken postoperatively in November 1948. 


The clinical condition having improved suffi- 
ciently, lobectomy of the left lower lobe was con- 
templated for the early part of May. On April 22 
however, the patient suddenly had a convulsive 
seizure and lapsed into unconsciousness. He was 
aphasic upon admission to the hospital, and had a 
right sided hemiplegia. The Babinski sign was posi- 
tive on the right. His condition appeared critical. 
The temperature rapidly rose to 103 F. and a blood 
count revealed 7,500,000 erythrocytes and 26,000 
leukocytes per cubic millimeter, and 16.7 grams of 
hemoglobin per 100 ce. of blood. Following a phle- 
botomy of 500 cc. and left stellate ganglion block 
with 1 percent procaine hydrochloride, there was a 
marked improvement. The speech returned within 
forty-eight hours and the right-sided paralysis 
rapidly disappeared. Convalescence continued satis- 


recurrence of the pulmonary arteriovenous com- 
munication. Roentgen-ray study in September re- 
vealed a large, circular, sharply demarcated shadow 
in the lower portion of the left upper lobe, overlying 
the left cardiac border (fig. 6). We then decided that 
we were faced with an expanded or new arterio- 
venous communication, which seemed much larger 
than any of those previously encountered. With a 
good deal of trepidation it was decided to atte:npt 
removal of this aneurysm. Anterior thoracotomy on 
September 28, 1948, revealed a large arteriovenous 
fistula involving the entire lingual portion of the left 
upper lobe, which was resected. Dissection of the 
specimen indicated it was larger than any indivi: ual 
fistula found in either of the lower lobes. The pat ent 
was discharged in relatively good condition on 
October 8, 1948 (fig. 7). 
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DIscussION 


Before considering the clinical features of 
this condition, it might not be amiss to discuss 
some of the congenital aspects of pulmonary 
arteriovenous fistulas. Most observers are in 
avreement with Wodehouse” who considered 
hemangiomas of the lung as “local manifesta- 
tions of a generalized congenital tendency to 
maldevelopment of the blood vessels.” It is 
more than just chance that in 50 per cent of the 
reported cases other vascular abnormalities, 
such as telangiectasias, capillary hemangiomas, 
and spider nevi, were exhibited. Rigid search 
will probably disclose other associated vascular 
anomalies in a high percentage of discovered 
cases. Moyer and Ackerman*® have recently 
reported in detail two cases of familial telan- 
giectasias with pulmonary involvement. They 
reviewed the question of hereditary familial 
telangiectasias, and pointed out the relation- 
ship of pulmonary hemangiomas to the general- 
ized vascular disease. It is also true, however, 
that an oceasional patient is seen in whom the 
pulmonary abnormality is the only vascular 
disturbance present. 

‘The’ familial incidence of this disorder is 
worthy of comment. Goldman’ in reporting one 
patient found a similar involvement in a 
brother, and bleeding tendencies in other mem- 
bers of the family. We have already referred to 
the report by Moyer and Ackerman” of 2 cases 
in brothers. In the discussion that followed 
Maier and collaborators”! presentation a num- 
ber of discussers, in commenting on unreported 
cases they had seen, emphasized the familial 
aspects of the condition. While preparing the 
report on our patient, we noted that his father 
had a number of telangiectasias about the lips. 
Rocntgen-ray study revealed nodular and cy- 
lindrical shadows in the lung fields that were 
quite suggestive of pulmonary hemangiomas. 

(/inical Picture. The published reports of 
this disturbance emphasize the occurrence of 
the diagnostie triad—cyanosis, clubbing of the 
finvers and toes, and polycythemia. Cyanosis 
is isually the first finding, and was present in 
2] of the 24 cases. Clubbing and polycythemia 
Weve found in 20 cases. All the manifestations 
oi this clinical syndrome are physiologic re- 


sponses to the anoxemia. A variable quantity 
of venous blood is shunted from pulmonary 
artery to vein without going through the pulmo- 
nary alveoli. As a result there is decreased 
oxygenation of the arterial blood, and a chain 
of compensatory mechanisms takes place. There 
is an increase in blood volume, as in all other 
arteriovenous fistulas. Burchell and Clagett!® 
found it above normal in all of the 5 patients 
whose blood volume had been measured. In- 
crease in hemoglobin concentration occurs and 
finally a rise in the number of circulating eryth- 
rocytes. The degree of oxygen unsaturation 
determines the compensatory hematologic 
mechanisms that are called into play. As the 
oxygen unsaturation and the polycythemia in- 
crease, cyanosis becomes more marked. Club- 
bing of the fingers and toes is undoubtedly a 
response to the oxygen unsaturation. Hemop- 
tysis and cough occur as a result of oozing from 
or rupture of one of the aneurysms. It might be 
advisable at this point to emphasize the 
frequent occurrence of cerebral symptoms. 
Headache, dizziness, tinnitus, convulsive sei- 
zures, and hemiplegia have been reported in 50 
per cent of the cases. The cerebral involvement 
may be extremely disturbing, as in our case. It 
is precisely these symptoms, together with the 
polycythemia, the epistaxis, the bleeding gums, 
and the corneal injection, that have led to the 
continued diagnosis of polycythemia vera. It 
seems logical to suggest that the oxygen un- 
saturation or the secondary polycythemia or 
both may be responsible for these cerebral 
manifestations, jf we can exclude the possi- 
bility of intracranial vascular anomalies. 

In addition to the cyanosis and clubbing of 
the fingers and toes, physical examination usu- 
ally reveals pulmonary and cardiac murmurs. 
It is just this cyanosis, clubbing, and cardiac 
murmurs that so often leads to a diagnosis of 
congenital heart disease. Many observers®: !°: 
2,13 have reported the presence of pulmonary 
bruits over the arteriovenous communications, 
as were found in our patient. Some have re- 
ported the murmur loudest at the height of 
inspiration,!: !° and others at expiration.® The 
murmurs and the thrill felt at operation dis- 
appeared with ligation of the abnormal vessels. 
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There is considerable disagreement concerning 
the cardiac abnormalities present. Kennedy, 
Burwell, and Sidney”> have reported that pe- 
ripheral arteriovenous fistulas produce an in- 
crease in cardiac work. If this continues long 
enough, cardiac hypertrophy and congestive 
failure develop. Most of the reports, however, 
suggest there is no cardiac disturbance present 
in these cases. Jones and Thompson!’ stated 
that ‘the lack of any cardiac hypertrophy or 
pathology is due to the fact that the arterio- 
venous fistula is confined to the pulmonary 
circuit.” Smith and Horton,® Burchell and Clag- 
gett,’’ Bisgard,'? and Moyer and Ackerman” 
all have subscribed to this view. Moyer and 
Ackerman™ attributed the absence of cardiac 
enlargement (that usually accompanies periph- 
eral arteriovenous fistulas) tolow pressure in the 
pulmonary circuit. Maier and associates*! stated 
that the cardiac output is normal. 

We are not completely in accord with these 
views. The cardiac output in our patient was 
above normal, as was the frontal cardiac area. 
Wodehouse* has also reported a patient with 
cardiac enlargement. In our patient, there was 
a loud mitral systolic bruit that has decreased 
considerably since the last operation. The fron- 
tal cardiac area preoperatively (as determined 
by orthodiagram by two separate observers) 
was 30 per cent above the predicted normal. 
There has been decrease in the heart size since 
removal of the fistulas, so that the transverse 
diameter and frontal area are now within the 
predicted normal range. It is interesting to note 
that Burchell and Claggett’s' patient also ex- 
hibited decrease in heart size following removal 
of the abnormal vascular communication. It is 
our feeling that the degree of cardiac hyper- 
trophy depends on the degree of arteriovenous 
shunt, the increase in blood volume, and the 
amount of increase in cardiac work that results. 
Eventually, in all cases, some increase in heart 
size should be manifest, and a subsequent de- 
crease following surgical extirpation of the 
fistulas. 

Roentgen-Ray Findings. The radiologic find- 
ings in these cases are characteristic, and con- 
stantly present. They consist of one or more 
circular, cylindrical, or nodular lesions oc- 
curring in the lung fields. It will be recalled 


that Hirsch** originally reported nodular lesions 
in the lung fields occurring in polycythemia 
vera. It is quite possible that some of these 
shadows are due to arteriovenous fistulas, «s 
suggested by Rodes.® 

These pulmonary lesions are chronic and 
usually nonprogressive. They may pulsate, or 
there may be increased hilar pulsations on the 
side of the lesion. The determination of the 
number of fistulas present is important in any 
consideration of surgical treatment. It must be 
realized that the shadows demonstrated radio- 
logically are usually the largest fistulas, but 
not necessarily the only ones. We have ob- 
served, as did Moyer and Ackerman,” that 
fairly large subpleural lesions may escape <e- 
tection. In addition, small unsuspected lesions 
in one lobe may expand after removal of the 
larger fistulas in another lobe. 

Special roentgen-ray technics have been used 
to delineate these pulmonary shadows more 
accurately. On planigraphic examination it is 
occasionally possible to trace some of the larger 
vessels as they arise from the hilum. Angio- 
‘ardiographic studies have been successfully 
performed in a few cases, though our results 
with this procedure were not satisfactory. Good 
roentgenologic demonstrations of the lesions 
outlined with Diodrast have been published in 
conjunction with the case reports of Watson*’ 
and of Moyer and Ackerman.” Roentgen- 
kymography may also help differentiate these 
lesions fron nonvascular shadows, as was done 
in our patient (see fig. 4). 

Pathologic Findings. A number of the pub- 
lished reports have contained excellent discus- 
sions of the pathologic findings in the specimens 
obtained at operation or necropsy. We need not 
dwell on this phase of the problem at any 
length. It seems relatively academic whether 
these lesions are considered aneurysms or 
fistulas or hemangiomas. The degree of arterio- 
venous shunt determines the clinical abnor- 
malities that occur. In some of the dissected 
specimens it has been possible to demonstrate 
the course and nature of the abnormal com- 
munications. In many, however, the number 
and degree of the anastamoses have been ~o 
great that satisfactory pathologic evaluation 
has been impossible. 
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Prognosis. It is generally agreed that serious 
or fatal hemoptysis will ensue if these pulmo- 
nary lesions are not treated surgically. Four 
patients have died from pulmonary hemor- 
rhage. All those that have been operated upon 
have done well postoperatively, and maintained 
improvement as long as they have been 
followed after their surgery. An occasional pa- 
tient, however, has refused surgery and ap- 
parently gotten along well. Some of the reported 
cases have been symptomatically negative and 
been discovered accidentally. The father of our 
patient, for example, is now 52 years of age, and 
has never consulted a physician because of a 
cardiac or pulmonary complaint. It seems logi- 
cal to assume that the number and degree of 
arteriovenous communications will determine 
the symptomatology and the resultant treat- 
ment. 

We have already referred to the cerebral and 
other associated complications of this condi- 
tion. In one of Wodehouse’s” cases a brain 
abscess occurred from which Haemophilus in- 
fluenza was cultured. Death followed operation 
for the brain abscess. Maier and his associ- 
ates”! reported a case in which there was super- 
imposed bacterial endocarditis. The patient re- 
sponded to antibiotic therapy and was then 
successfully treated by lobectomy. 

How well our patient will do is problematic. 
Since his discharge he has continued to gain 


weight and strength. His effort tolerance has 


improved, dyspnea is less, and cyanosis con- 
siderably decreased. The heart size has returned 
to normal and there is no polycythemia. The 
last X-ray examination of the chest (fig. 7) gave 
evidence that all the arteriovenous communica- 
tions had been removed. The oxygen determi- 
nations, however, cast some doubt on this. The 
mos! recent arterial oxygen saturation still was 
only 81.7 per cent (table 3). Following in- 
halstion of 100 per cent oxygen the saturation 
rose to 92.8 per cent, considerably less than the 
99 per cent to 100 per cent saturation that 
should occur normally. According to Comroe” 
and others, this type of response is character- 
ist: of an arteriovenous shunt. Continued ob- 
servation will be necessary to determine the 
lovation of any remaining arteriovenous com- 
miinications. It is possible that previously un- 


detected fistulas in the upper lobes may eventu- 
ally expand and become troublesome, with the 
changed pulmonary hemodynamics.* 


SUMMARY 


1. ‘Twenty-three cases of pulmonary arterio- 
venous fistulas have been reviewed, and an 
additional case in a man of 21 years reported 
in detail. 

2. Some of the physiologic observations ob- 
tained have been presented. 

3. The congenital and familial aspects of the 
condition are emphasized. 

4. The clinical features of arteriovenous 
fistula have been discussed, as well as the 
resemblance to and differentiation from poly- 
cythemia vera and congenital heart disease. 

5. We believe that this condition is not 
nearly as rare as considered, and that its clinical 
features should render its recognition easy. 
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Spontaneous Rupture of a Peripheral 
Artery: Report of Case 


3y ALBERT A. Potiack, M.D., Epgar A. Hines, Jr., M.D., anv JosepH M. Janes, M.D. 


The case history of a patient with apparent spontaneous rupture of the posterior tibial artery is pre- 
sented, with a brief review of the previously reported cases. 


PONTANEOUS rupture of a peripheral 
artery is a very rare condition. Bonnet, 
Martin, and Nikodievitch' reported 2 
eases and found reference to one other case 
report in the literature. The first of their cases 
was that of a soldier 51 years of age who had 
typhus fever several weeks prior to the develop- 
ment of gangrene of the right lower extremity. 
Amputation was performed eleven days after 
gangrene was noted but the patient died shortly 
after operation. A postmortem examination re- 
vealed a rupture of the external iliac artery and 
vein. The second patient was a farmer 73 years 
of age who had had malaria and who shortly 
thereafter had experienced pain in the back of 
the right leg which soon began to swell and 
then betame gangrenous. Amputation was per- 
formed and a rupture of the popliteal artery 
and vein was found. 
A case of spontaneous rupture of the pos- 
terior tibial artery without apparent cause is 
reported herein. 


Report oF Case 


A married white man, 38 years of age, in the 
wholesale grocery business, was admitted to the 
Mayo Clinie as an emergency patient on August 2, 
1948. 

The family history did not reveal that any mem- 
ber had suffered from a hemorrhagic disease or 
tendency. For sixteen years before coming to the 
clinic, the patient had noticed that he bruised easily, 
as a result of which small eechymotic areas would 
develop on his body and especially on the lower 
extre:ities. Pain had developed four years previous 
to his registration but the calf of the right leg did 
not -well at that time. The pain had decreased 
rapi!'y upon elevation of the leg and the use of hot 
applications. Two years before he entered the clinic 
an eisode of acute abdominal pain and distention 


F:om the Mayo Foundation, and the Division of 
Medicine and Section on Orthopedic Surgery, Mayo 
Cline, Rochester, Minn. 


had developed. Surgical exploration revealed hemo- 
peritoneum but a bleeding point was not found. He 
had made an uneventful recovery after the operation. 

Twelve days before admission a dull pain had 
developed in the right calf. The patient continued 
his work for the next three days. The pain became 
increasingly severe and while he was taking a hot 
bath he noted a rather sudden swelling of the right 
leg from the knee down. He was hospitalized in his 
home community the next day because of the pain 
and swelling, and shortly thereafter the involved leg 
became purple. The patient had been treated con- 
servatively with elevation of the leg, rest in bed, 
and sedation but had continued on a downward 
course. 

Careful and repeated questioning of the patient, 
his wife, and his brother on admission to the clinic 
and during his stay in the hospital failed to disclose 
any evidence of trauma to his leg. 

Initial examination revealed a markedly asthenic, 
slightly icteric, and acutely ill man in great pain. 
The blood pressure reading was 135/100. Tempera- 
ture, pulse, and respiration were normal. There were 
several small purpuric areas on the anterior thoracic 
wall, and the right leg was eechymotic from 3 inches 
above the knee downward. There was no rigidity or 
tenderness of the abdomen. The liver, kidneys, and 
spleen could not be palpated. The lymph nodes in 
both inguinal regions were slightly enlarged. Results 
of rectal examination were negative. The peripheral 
arterial pulsations which are usually palpated were 
found to be normal. The right leg was moderately 
edematous and the skin was taut and warm. On 
palpation marked tenderness was noted in the calf 
of the right leg and the patient was unable to extend 
his leg. A soft systolic bruit was heard over the lower 
anterolateral aspect of the right leg. 

The hemoglobin measured 9.5 grams per 100 ce. 
of blood, the erythrocytes numbered 2,600,000 per 
cu.mm., and the leukocytes 14,800 per cu.mm. of 
blood. Urinalysis revealed albuminuria, Grade 3. 

Shortly after the initial examination the involved 
calf had increased 1.5 inches in diameter, and the 
pain also had increased. A diagnosis of active arterial 
bleeding was made, and immediate surgical inter- 
vention was considered necessary. 

Arteriography was performed in the operating 
room with 25 ce. of a 35 per cent solution of diodrast 
injected into the right femoral artery; the posterior 
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tibial artery could be visualized only for about 1.5 
inches from its origin. ™e artery was then exposed 
and found to have two perforations about 1.5 inches 
distal to the bifurcation of the popliteal artery. The 
posterior tibial artery was ligated and the involved 
section of the artery was removed and sent to the 
pathology laboratory for study. A hematoma of 
clotted and nonclotted blood was evacuated. An 
apparent cause for the perforations was not found 
at the time of the operation but it was noted that 
both arteries and veins in this region were very 
friable. 

Morphologie study of the section of artery re- 
vealed an acute polymorphonuclear leukocytie exu- 
dation around the point of rupture but the arterial 
wall was damaged to such an extent that definite 
changes could not be visualized. 

With the evacuation of the hematoma and ligation 
of the artery, there was relief of pain. Further studies 
were then carried out in an attempt to discover the 
cause of this condition. 

Results of serologic examination were negative. 
The bleeding time was three minutes; the blood 
coagulation time (Lee-White method) was six min- 
utes and thirty seconds. The. prothrombin time 
(Quick method) was twenty-eight seconds; large 
doses of synthetic vitamin K were administered 
intravenously after operation and the prothrombin 
time returned to a normal of twenty seconds. The 
platelet count was 130,000 per cu.mm. of blood and 
the level of ascorbic acid in the blood was 0.3 mg. 
per 100 ec. of plasma. 

The fat content of the blood was within the 
normal range as was the urea content. The direct 
reaction for serum bilirubin (van den Bergh test) 
was negative and the indirect reaction disclosed 1.5 
mg. of bilirubin per 100 cc. of serum one day after 
operation. This returned to normal before the pa- 
tient was dismissed from the hospital. No sulfo- 
bromophthalein (bromsulfalein) was retained at the 
end of one hour. The sedimentation rate of erythro- 
cytes was 30 mm. in one hour. 

Study of special blood smears revealed hypo- 
chromasia with polychromatophilia and a differential 
count of 13 per cent lymphocytes, 7 per cent mono- 
eytes, and 80 per cent polymorphonuclear leuko- 
cytes; 69 per cent of the leukocytes were filament 


cells and 11 per cent were nonfilament cells. Sternal. 


biopsy revealed normal bone marrow cells. The only 
abnormality indicated in a roentgenogram of the 
thorax was an elevation of the right side of the 
diaphragm. 


After transfusion of blood and just prior to the 
patient’s dismissal from the hospital, the heijo- 
globin measured 12.2 grams, and the erythrocytes 
numbered 4,600,000 per cu.mm. of blood and the 
leukocytes 7,700. The results of urinalysis 
negative. 

A section of the left ulnar artery that was removed 
and studied, was found to be normal. The patient 
made an uneventful recovery and was dismi-sed 
from the clinic on August 23, 1948. 


were 


The case reported is interesting in that a 
vause for the rupture of the artery was not ap- 
parent. Herrman? reported a case of rupiure 
of the deep epigastric artery and explained the 
rupture on the basis of the anatomic structure 
of the musculature of the abdominal wall. How- 
ever, Bonnet, Martin, and Nikodievitch,! who 
were unable to study the walls of the vessels 
at the point of rupture because of the condition 
of the specimens, studied the proximal portions 
of the vessels and concluded that there were 
two predisposing causes for rupture: (1) an 
atheroma involving the media of the artery and 
(2) the previous existence of a severe infection. 
They felt that the infection became localized 
in the atheroma and thus weakened the wall of 
the artery sufficiently to permit rupture. The 
extravasated blood caused periphlebitis and 
phlebitis in the contiguous veins. 

Our patient did not give a history of local- 
ized trauma or previous infection and we did 
not discover a focus of infection. Atheromas 
were not present in the sections of artery that 
were studied. The possibility of localized ar- 
teritis or a small aneurysm at the point of 
rupture was not excluded but the presence of 
either seems unlikely. 
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BACTERIAL ENDOCARDITIS 


Mair, J.. and O’Hara, M. M.: Subacute Bacterial 
Endocarditis in Pregnancy. J. Obst. & Gynec. 
srit. Emp. 56: 652 (Aug.), 1949. 

A successfully treated case of subacute bacterial 
endocarditis arising during pregnancy is described. 
A total of 151 million units of penicillin was given 
over a period of almost three months, treat- 
ment being discontinued four weeks after parturi- 
tion. Delivery was successfully accomplished with 
the aid of low foreeps under low spinal anesthesia. 

One of the problems which must be faced in the 
management of such cases is whether or not the 
pregnancy should be terminated. This question must 
be answered on the basis of both the functional car- 
diac classification of the patient and the stage to 
which pregnaney has advanced. Since further val- 
vular damage may occur even during therapy, it 
would seem best to terminate an early pregnancy 
as soon as the disease is under control. Since the 
cardiae load shows a considerable rise about the 
twentieth to twenty-fourth week, it would seem 
advisable to terminate pregnancy well before the 
twentieth week. However, after the twentieth week 
artificial termination of pregnancy is a dangerous 
procedure in patients with cardiac disease, and it 
is better to avoid surgical interference at this time. 
Such patients do better when allowed to go into 
labor spontaneously and delivered vaginally, often 
with the assistance of forceps. 

SCHWARTZ 


Hurst, W. W., Gleason, A. L., and Schemm, F. R.: 
Subacute Bacterial Endocarditis after Operation 
for Tetralogy of Fallot. Northwest Med. 48: 76: 
(Nov.) 1949. 

The authors report a case in which subacute bac- 
teria! endocarditis developed after operation for 
tetralogy of Fallot. At the age of 8, following anas- 
tamo-is of the proximal end of the right carotid ar- 
tery to the right side of the pulmonary artery, the 
paticnt improved. When 10 years old, she was ad- 
mitted to hospital with a clinical picture of subacute 
bacterial endocarditis. Blood cultures were positive 
lor Streptococcus viridans. With penicillin therapy 
the ‘emperature fell to normal after the fourth day 
of this treatment. The signs and symptoms of con- 
vestive failure, apparent on admission, cleared 


rapidly with digitalization, moderate sodium restric- 
tion and fluids ad libitum. 


BELLET 


BLOOD COAGULATION 


Fisher, B.: The Effect of Several Diluents on Pro- 
thrombin Activity Curves. Brit. J. Exper. Path. 
30: 352 (Aug.), 1949. 

The author reports a study of the effect of several 
different diluents for plasma in the preparation of 
prothrombin activity curves. Dilutions of the normal 
oxalated dog plasma were made with each diluent, 
in the order of 100, 70, 50, 40, 30, 20 and 10 per cent. 

The essential change produced by serial dilution 
of normal plasma was a reduction in the amount of 
prothrombin present. Distilled water, 0.9 per cent 
saline solution and protein-free filtrate of normal 
serum produced uniformly similar results as diluents, 
duplicating the characteristic hyperbolic curve. 
Prothrombin-free (adsorbed) plasmas were found to 
be sources of error if a good preparation was not 
made. Normal serum could not be used as a diluent 
because of the presence of small amounts of pro- 
thrombin, fibrinogen and activator substances. 

BELLET 


Thuerer, G. R., and Angevine, D. M.: Influence of 
Dicumarol on Streptococcic Infection in Rabbits. 
Arch. Path. 48: 274 (Sept.), 1949. 

Following the work of Menkin, indicating the 
importance of fibriy in localizing infection due to 
staphylococci and pneumococci, the authors studied 
fibrin formation in dicumarolized rabbits and its 
effect on experimentally-induced streptococcie der- 
matitis. Seven of 13 rabbits that responded to the 
drug with a prolonged prothrombin time had posi- 
tive cultures, and 5 of them died from bacteremia. 
Less fibrin was found in the skin of dicumarolized 
animals than in comparable untreated control ani- 
mals. The authors suggest that the lack of fibrin in 
tissues of treated animals was probably a factor in 
the spread of the infection, in contrast to localiza- 
tion of infection in control animals. 

GOULEY 


Stats, D., and Davison, S.: The Increased Hypo- 
prothrombinemic Effect of a Small Dose of Dicu- 
marol in Congestive Heart Failure. Am. J. M. 
Se. 218: 318 (Sept.), 1949. 
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The hypoprothrombinemie effect of a single dose 
of 150 mg. of dicumarol was determined in 48 con- 
trol subjects and in 36 patients with varying degrees 
of right-sided cardiac failure. Clinical and statistical 
analysis of the results showed an increased response 
in those cardiac patients with moderate to severe 
failure. It is recommended that when dicumarol is 
administered to patients with cardiac failure for 
the treatment of thromboembolic conditions, doses 
smaller than those recommended for the average 
patient should be administered. 

DURANT 


Litwins, J., Vesell, H., Kissin, M., Cohen, I., and 
Paul, A.: Effect of Dicumarol on the Erythrocyte 
Sedimentation Rate. J.A.M.A. 141: 330 (Oct. 1), 
1949. 

Dicumerol was given to 12 persons with normal 
sedimentation rates, to 14 patients with myocardial 
infarction and elevated sedimentation rates, and to 
8 patients with medical conditions other than myo- 
cardial infarction who had elevated sedimentation 
rates. No change in the sedimentation rate attribut- 
able to the administration of dicumerol in therapeu- 
tic doses was noted. 

Hanno 


Silverman, S. B.: Changes in the Coagulability of the 
Blood after Radiation Therapy. Am. J. Roent- 
genol. 62: 541 (Oct.), 1949. 

Frequently repeated determinations of blood co- 
agulation were determined in a group of patients 
being treated for neoplastic diseases. The coagula- 
tion time was performed under controlled condi- 
tions in tubes containing increasing amounts of 
heparin. Coagulation time was plotted against hep- 
arin concentration (Waugh-Ruddick test). Blood 
coagulability was found to be decreased. This trend 
was roughly proportional to the total irradiation re- 
ceived. 

Possible causes of this change are reviewed. The 
author believes that the effect was not on prothrom- 
bin formation but rather on the platelets and throm- 
boplastin. 

SCHWEDEL 


CONGENITAL ANOMALIES 


Swan, C.: Rubella in Pregnancy as an Aetiological 
Factor in Congenital Malformation. Stillborn, 
Miscarriage and Abortion. Part II. J. Obst. & 
Gynec. Brit. Emp. 56: 591 (Aug.), 1949. 

On the available evidence, a woman who contracts 
rubella at some stage during the first four months of 
pregnancy has a three to one chance of giving birth 
to a congenitally defective infant. After the fourth 
month the risk of congenital malformation is mini- 
mal. The main malformations are varying degrees of 
eataract, deaf-mutism, heart disease and micro- 
cephaly. Each may occur alone or in any combina- 


tion. In addition, intrauterine death may possibly 
follow rubella in pregnancy. The critical period for 
the development of congenital cardiac defects js 
from the fifth to the eighth week of intraute:ine 
life, during which time the septa are forming, the 
bulbus cordis is undergoing involution, and torsion 
of the great vessels is taking place. It is the rela- 
tively low virulence of the virus of rubella wiiich 
enables the embryo, though damaged, to survive. 
The question of whether other virus diseases }ray 
be followed by congenital malformations rem ins 
open. 

Prevention of rubella infection during pregn: ney 
can be accomplished by prophylactic active immun- 
ization with the virus before the childbearing period 
and possibly by the use of convalescent serum and 
gamma globulin soon after contact with rubella. On 
the available evidence, utilization of therapeutic 
abortion if rubella is contracted during the first four 
months of gestation appears to be justified. 

SCHWARTZ 


Benham, G. H. H.: Pregnancy and Coarctation of 
the Aorta. J. Obst. & Gynec. Brit. Emp. 56: 606 
(Aug.), 1949. 

The author analyzes 53 cases of coarctation of the 
aorta in pregnant women reported in the literature, 
and presents 3 additional cases. In the previously re- 
corded cases, 6 patients died during pregnancy, labor 
or puerperium; pregnancy precipitated or aggra- 
vated cardiovascular symptoms in 11 cases; and in 
the remaining 36 pregnancy apparently had no in- 
jurious effect on the cardiovascular system. Two of 
the reported deaths were attributable to the pre- 
cipitation of cardiac failure by the additional cardio- 
vascular demands of pregnancy. Three of the deaths 
were due to aortic rupture, and 1 to cerebral hemor. 
rhage. Since arterial rupture was the cause of 4 of the 
6 reported deaths, its prevention must be the specific 
aim of good management. Although this risk cannot 
be entirely eliminated, it should be greatly dimin- 
ished if material rise in arterial tension could be 
avoided. Nearly all observers agree that there is a 
sustained blood pressure rise during labor. Instru- 
mental delivery and vaginal manipulation may cause 
a rise of as much as 50 mm. These facts indicate that 
the ideal method of delivery in cases of coarctation 
of the aorta is one which eliminates labor and also 
avoids obstetrical manipulations through the vagina. 
These conditions are best satisfied by performing 
caesarean section at term before the onset of labor. 
Present information does not justify prohibition of, 
or interruption of pregnancy in patients without 
symptoms or with minimal intolerance to effort, p'o- 
vided that expert prenatal care is available. 

ScHWART? 


Shapiro, M. J.: Diagnosis of Congenital Heart Dis- 
ease by Ordinary Methods. Radiology 53: 4°9 
(Oct.), 1949. 
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The author states that in operating on more than 
)0 patients with patent ductus arteriosus, several 
th coarctation of the aorta and about 60 with cy- 

» ,otie congenital heart disease, he has had only one 
« vor in diagnosis. None of the patients were studied 
\\'th refined aids, such as angiocardiography or car- 
ic catheterization. He presents a resumé of the 
tical and significant roentgenographie findings in 
aortic stenosis, coarctation of the aorta, patent 
terventricular septum, patent ductus arteriosus, 
extrocardia, tetralogy of Fallot, Eisenmenger’s 
complex, pulmonary stenosis, tricuspid atresia, 
transposition of greater vessels, and truncus arterio- 


SCHWEDEL 


Dadds, J. H. and Hoyle, C.: Congenital Aortic Septal 

Defect. Brit. Heart. J. 11: 390 (Oct.), 1949. 

The authors report an instance of proved con- 
genital aortic septal defect, review the pertinent 
data on 10 previously reported cases and discuss the 
diagnosis of this lesion. 

The findings in the presented case and a review of 
findings in previously reported cases indicate that 
the average age of death is 14 years; cardiac in- 
sufficiency dates from early infancy; the basic mur- 
murs are those of a free leak from the aorta above the 
cusps; the heart is always much enlarged; other con- 
genital cardiovascular lesions are usually absent; the 
pulmonary arterial tree is dilated. 

This, defect must be differentiated from (1) patent 
ductus arteriosus which is usually but not always 
possible. In the latter anomaly the heart and _pul- 
monary vessels are not so strikingly enlarged and 
the murmur is not as superficial in character. (2) 
Atrial septal defect should be distinguishable because 
it does not produce excessive aortic pulsations nor 
an inereased pulse pressure and gives characteristic 
findings on right heart catheterization. (3) In atrial 
septal defect combined with a patent ductus arterio- 
sus, right heart catheterization will also be conclu- 
sive. (4) In truncus communis which produces cyano- 
sis early, a systolic murmur and thrill are usually 
present. The main pulmonary artery and branches 
are rudimentary or absent. 

SOLOFF 


Chapman, D. W., Earle, D. M., Gugle, L. J., Hug- 
gins, R. A., Zimdahl, W.: Intravenous Catheteri- 
zation of the Heart in Suspected Congenital Heart 
Disease. Arch. Int. Med. 84: 640 (Oct.), 1949. 
Intravenous catheterization of the heart in 72 

cases of suspected congenital heart disease is dis- 

cussed. The method and the application of the pro- 
ce: ire to the more accurate diagnosis and the study 
of ‘he disturbed physiology of congenital heart dis- 
ea- are presented with a notation of the complica- 
iis that may be encountered. The results of this 

hod in sixty-nine cases are given, and several de- 

ed ease reports representative of the aevanotic. 


potentially cyanotic, and cyanotic types of heart dis- 
sase, as well as of pulmonary arteriovenous aneurysm 
and dilated pulmonary artery with hypoplastic 
aorta, are given. 

BERNSTEIN 


Neuhauser, E. B. D.: Tracheo-Esophageal Constric- 
tion Produced by Right Aortic Arch and Left Liga- 
mentum Arteriosum. Am. J. Roentgenol. 62: 493 
(Oct.), 1949. 

One of the causes of tracheoesophageal constric- 
tion by a vascular ring is the passing of a 
ligamentum arteriosum from a right aortic arch to 
the left pulmonary artery. Disability is characterized 
by dysphagia especially for solid foods, wheezing, 
stridor, and repeated respiratory infections including 
pheumonia. 

Five patients who exhibited these symptoms are 
presented. On conventional radiographic examina- 
tion there was indentation of the esophagus from 
the right in the posteroanterior view. In the left an- 
terior oblique position there was a small indentation 
of the esophagus from behind due to the ligamentum 
arteriosum. The effects of vascular constriction on 
the trachea were demonstrated with the aid of lipio- 
dol within the trachea. However, these were less 
striking than the effects upon the esophagus. Surgi- 
val exploration and division of the ligamentum ar- 
teriosum freed the vascular constriction and offered 
complete relief in all instances. 


SCHWEDEL 


Hertzman, V. O., and Strong, G. F.: Patent DuctuS 
Arteriosus. Canad. M. A. J. 61: 495 (Nov.), 1949. 
The authors present a study of 18 patients, 17 of 

whom were explored surgically because of a tenta- 
tive diagnosis of patent ductus arteriosus, and one of 
whom died of subacute bacterial endarteritis without 
surgical intervention. In 11 cases, a ductus was 
found, ligated and divided. In 6 cases the preopera- 
tive diagnosis was jn error. 

The authors state that in patent ductus arterio- 
sus the typical murmur is continuous or machinery- 
like, with a systolic accentuation, and best heard in 
the second left intercostal space close to the ster- 
num. The systolic component is frequently heard 
widely over the precordium and between the scapu- 
lae, and is often transmitted into the neck vessels 
and left axilla. In this series, a “typical” continuous 
murmur was present in 9 of 12 cases of patent ductus 
and was found in 2 eases in whom there was no func- 
tioning ductus at operation. A typical thrill was 
found in all except one of the proved cases in the 
group; it was also found in 4 patients who did not 
have a patent ductus on exploration. Certain factors, 
such as infancy, other congenital anomalies, sub- 
acute bacterial endarteritis and congestive failure 
may complicate the clinical picture. 

BELLET 











618 ABSTRACTS 


Wright, C. J. E.: Coarctation of the Aorta with 
Death From Rupture of a Cerebral Aneurysm. 
Arch. Path. 48: 382 (Nov.), 1949. 

The author reports a case of coarctation of the 
aorta associated with congenital bicuspid aortic 
valve with death from rupture of a cerebral aneu- 
rysm. The victim was a young woman aged 19, who 
had been in good health. Death followed the sudden 
onset of headache and vomiting. Neck rigidity, 
blood-stained spinal fluid, and the presence of a dias- 
tolic aortic murmur constituted the important physi- 
cal signs. Necropsy revealed atheromatous streaking 
in the ascending aorta and particularly in the com- 
mon carotid arteries, in marked contrast to its 
absence below the coarctation. A small aneurysm in 
the left anterior cerebral artery was the site of hemor- 
rhage. 

The author reviews the frequence of these asso- 
ciated lesions and reports the surprising information 
that only 16 such cases have been recorded. He com- 
ments on the excellent health experienced by most of 
these patients. However, an abnormally high blood 
pressure was present in the upper extremities in 
every case. 

GOULEY 


CONGESTIVE HEART FATLURE 


Schumann, H.: The Mechanism of the Therapeutic 
Effect of Digitalis or Strophanthin in Heart Fail- 
ure. Ztschr. f. Kreislaufforsch. 38: 606 (Oct.), 
1949. 

Heart failure with dilatation of the right heart was 
produced in white rats by intravenous injection 
(0.05—0.1 ce.) of mercury. At necropsy the content 
of glycogen and lactic acid in the heart muscle was 
determined by means of a very rapid preparation 
technic. Compared with controls, animals in heart 
failure had an increased amount of lactic acid and a 
decreased glycogen content in the heart muscle. If 
treated by digitalis, a reverse change occurred al- 
though values found in the normal control animals 
were not reached. The author’s conclusions are that 
the therapeutic effect of digitalis is based upon an 
increase of oxidative metabolic processes in the fail- 
ing heart, which works partly under anaerobic con- 
ditions. No increase of efficiency by digitalis 


can occur in the normal heart, where aerobic proc- - 


esses are already of optimal degree. 
Pick 


Levy, M. N., Berne, R. M.: Production of Acute Ex- 
perimental Circulatory Failure by Graded Pul- 
monary Artery Constriction. Proc. Soc. Exper. 
Biol. & Med. 72: 147 (Oct.), 1949. 

The authors employed a graded pulmonary artery 
stenosis to produce experimental circulatory failure. 
Optically recorded pressure pulses from the aorta, 
pulmonary artery, and right atrium showed that 
judicious compression of the pulmonary artery could 


reduce the output of the left ventricle significantly 
without causing a drastic fall in the arterial pressure, 
This graded pulmonary artery constriction also re- 
sulted in a reduction of pulmonary systolie and dias- 
tolic pressure distal to the constriction and the de- 
velopment of a systolic murmur. It also produced 4 
rise in maximal and initial pressures in the right ven- 
tricle and an increase in the right atrial tension. In 
some instances a relative tricuspid insufficiency de- 
veloped. The elevation in central venous pressure 
was associated with a shift of a large volume of biood 
to the venous side of the circulation. Evidence was 
presented that a part of this shift occurred from the 
pulmonary vascular bed, although it was admitted 
that a shift might also occur within the systemic cir- 
cuit itself toward the central veins. 
Min1z 


Schneierson, S. J., and Bergman, H.: Mercurial 
Diuret'cs and Urinary Retention. J.A.M.A. 141: 
382 (Oct. 8), 1949. 

Five cases of acute urinary retent’on in middle- 
aged and elderly men treated with mercurial 
diuretics for congestive heart failure are reported. 
In patients with prostatic enlargement and partial 
obstruction, the profound diuresis occasioned by the 
use of a mercurial diuretic may result in overdisten- 
tion of the bladder and impairment of the bladder’s 
motor function. 

Hanno 


CORONARY ARTERY DISEASE, 
MYOCARDIAL INFARCTION 


Mills, G. Y., Simon, A. J., Cisneros, F., and Katz, 
L. N.: Myocardial Infarction. Observations on 100 
Patients Who Survived up to Six Years. Arch. Int. 
Med. 84: 632 (Oct.), 1949. 

One hundred patients who had survived one to 
six years after an acute myocardial infarction were 
examined. Seventy-seven of these 100 patients 
showed little electrocardiographic restitution, 14 
showed partial restitution and 9 showed complete 
restitution. 

Heart failure appeared almost entirely in the group 
of patients with little electrocardiographic restitu- 
tion, but the electrocardiographiec pattern after in- 
farction did not prognosticate survival of the pa- 
tient. The occurrence of clinical angina in 39 of 91 
patients whose condition was electrocardiographi- 
sally diagnosed as chronic coronary insufficiency 
(little or partial restitution) indicated the frequency 
of the association of clinical angina with the electro- 
cardiographic pattern of chronic coronary insuffi- 
ciency in patients surviving myocardial infarction. 

BERNSTEIN 


Sussman, M. L., Dack, S. and Paley, D.: 
Some Clinical Application of Electrokymography: 
The Findings in Myocardial Infarction and Heart 
Block. Radiology 53: 500 (Oct.), 1949. 
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|. eetrokymographie studies in three instances of 
myocardial infaretion involving the lower portions 
of toe left ventricle indicated delayed systolic con- 
trac‘ion, expansion instead of inward retraction in 
systole, and paradoxical inward movement of the 
affe: ted portions during the rapid inflow phase in 
diastole. 

| eectrokymographie studies in two cases with 
cons lete heart block indicated simultaneous auricu- 
lar jotion over both atria and increased amplitude 
of atrial contraction in late systole. The authors 
denionstrated systolie accentuation of the heart 
sounds (bruit de cannon) when the interval between 
auricular and ventricular contractions was slight, 
and they discuss these in relation to increased tension 
of the A-V valves, and to the amplitude of ventricu- 
lar systolic pulsations. 

SCHWEDEL 


Hecht, H. H.: Concepts of Myocardial Ischemia. 

Arch. Int. Med. 84: 711 (Nov.), 1949. 

Many factors upset the balance between oxygen 
supply and work requirements of the heart muscle. 
This results in general or local myocardial ischemia. 
The syndrome of myocardial ischemia is char- 
acterized by pain, electrocardiographic changes and 
certain remote reactions secondary to tissue destruc- 
tion. The electrocardiographie changes are manifold. 
They are determined by the intensity of the process 
and by the location of the lesion with respect to the 
recording electrodes. “Delay of repolarization” in- 
volves the T wave proper; “incomplete repolariza- 
tion” (with flow of resting currents during diastole) 
modifies the RS-T segment. The direction of the 
changes with respect to the isoelectric base line of the 
electrocardiogram is determined by the location of 
the predominantly ischemic region. ‘“Subendoear- 
dial” and “subepicardial” involvement may thus be 
contrasted. 

In myoeardial infarction, the signs of gross tissue 
destruction are added to those of myocardial is- 
chemia. It is therefore suggested that the term “‘myo- 
cardial ischemia without tissue destruction” be used 
to define angina pectoris and ‘‘myocardial ischemia 
With tissue destruction” to denote myocardial in- 
faretion. 

The “point of tolerance” defines the limits of ear- 
diac :eserve. In decompensated ischemia, the signs 
and symptoms appear when the patient is at rest. 
If an sppreciable cardiac reserve is still available, an 
objective diagnosis can only be made by appropriate 
funct ‘onal tests. Alterations in the electrocardiogram 
urine the functional test in patients who have suf- 
fered an episode of myocardial infarction depend 
large|y on the degree of revascularization. The result 
of the test in such patients may allow certain limited 
proguostie conclusions. 

Mvocardial ischemia from any cause tends to im- 
pro\e spontaneously in many instances. 
BERNSTEIN 
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ELECTROCARDIOGRAPHY 


Laake, H.: On Supraventricular Extrasystoles. Acta 

med. Scandinav. 184: 23 (May), 1949. 

The author reviewed the electrocardiograms of 
12,473 hospital patients and made a. statistical 
analysis of the extrasystoles noted in the records. 
Extrasystoles were found in the records of 286 pa- 
tients (2.3 per cent). Ventricular extrasystoles were 
found in 181 cases (1.5 per cent) and supraventricu- 
lar extrasystoles in 105 cases (0.8 per cent). The lat- 
ter group included 3 patients who had both ventricu- 
lar and supraventricular extrasystoles at the same 
time. The frequency of extrasystoles increased with 
age; this increase was found to begin at the age of 20 
in cases with ventricular extrasystoles, whereas the 
number of cases of supraventricular extrasystoles in 
this study remained approximately constant up to 
the age of 50 years. 

Other electrocardiographic abnormalities were 
noted in 80 per cent of the patients with supraven- 
tricular extrasystoles and in 61.3 per cent of those 
with ventricular extrasystoles. Abnormal P waves 
were found in 47.6 per cent of tracings showing 
supraventricular extrasystoles. Measurement of 85 
tracings with supraventricular extrasystoles showed 
a compensatory pause in 15. There was evidence of 
organic heart disease in 64.7 per cent of the patients 
with supraventricular extrasystoles, and in 50.8 per 
cent of the patients with ventricular extrasystoles. 

SCHWARTZ 


Moll, A., and Korth, C.: The Influence of the Posi- 
tion of the Heart on the Electrocardiogram in 
Prevalent Hypertrophy of the Left Heart. Ztschr. 
f. Kreislaufforsch. 38: 351 (June), 1949. 

Different patterns of left ventricular hypertrophy 
in the standard limb leads are explained by the help 
of aV unipolar limb leads, V chest leads and a lead 
from the gastric cavity (Vg). These additional leads 
are noncontributory if the heart is in the horizontal 
position, but are of great diagnostic value if the heart 
is in vertical position. A rare pattern of left axis 
shift in the standard lead with a nonspecific low T; or 
inverted T2 and inverted Ts; may be seen with for- 
ward rotation of the apex along the transverse axis. 
Here the diaphragmatic leads (Vg and aVr) face 
parts of the right ventricular surface as well as parts 
of the hypertrophied left ventricle. A similar summa- 
tion of potentials of right and left ventricle may be 
observed in posterolateral infarction with the 
heart in horizontal position where the T-wave in- 
version shows up in Leads IT and IIT, Vs—e, and aVr, 
but not in aVz. Such mixed potentials in the chest 
leads may be indicated not only by a transitional 
QRS complex, but also by QRS followed by an in- 
verted T wave over the right side of the chest, simi- 
lar to that seen in left sided hypertrophy over the 
left side. 

Pick 
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Unghvary, L.: Electrocardiographic Diagnosis of 
Coronary Venous Disturbances. Cuore e circolaz., 
33: 146 (June), 1949. 

Coronary venous stasis, produced in the dog by 
ligation of the coronary sinus, was followed by elec- 
trocardiographic changes, the most typical being 
low voltage of QRS and T waves. This “pathological 
low voltage” was a reversible pattern since the elec- 
trocardiogram returned to normal after removal of 
the ligation. This finding was considered by the au- 
thor to be just as distinctive of venous stasis as the 
infarction pattern is typical of arterial ischemia. 
According to the author, low voltage in clinical trac- 
ings may be due to venous stasis, either alone or com- 
bined with other factors. 

LUISADA 


Rawkind, M.D., and Lonstam, G. L. S.: Complete 
Heart-Block Associated with Amoebic Hepatitis. 
Lancet 257: 152 (July 23), 1949. 

The authors report a case of amoebic hepatitis in 
a patient 28 vears of age whose presenting symptoms 
were pain and fainting episodes which proved to be 
Stokes-Adams attacks. Diarrhea, which had re- 
curred intermittently in the past, rapidly responded 
to emetine. Clinical and roentgen study suggested 
the presence of amebic hepatitis with inflammatory 
changes spreading through the diaphragm into the 
lung. The heart was enlarged and the electrocardio- 
gram between Stokes-Adams seizures revealed com- 
plete A-V heart-block. The heart block disappeared 
and the Stokes-Adams attacks ceased shortly after 
the start of therapy with emetine. The authors postu- 
late that the cardiac lesion was due to blood-borne 
amebic metastases. 

In three previously reported cases of amebiasis 
with auriculoventricular dissociation the patients 
had diarrhea. This and other features of the disease 
thus introduced other possible factors which might 
affect the conduction tissues. Among these men- 
tioned are anemia, toxemia, malnutrition, peripheral 
circulatory failure, uremia, and abnormal blood and 
tissue chemistry. 

BELLET 


Malinow, M. R., Moia, B. and Battle, F. F.: Action 
of Potassium on Pathological Electrocardiograms. 
Rev. argent. de cardiol.16: 226 (July—Aug.), 1949. 
The electrocardiographic changes induced by the 

oral administration of 10-20 Gm. of potassium chlo- 

ride were analyzed in a group of 50 patients with nor- 
mal and abnormal electrocardiograms. No signifi- 
cant changes in cardiac rate or auriculoventricular 
conduction were found. The Q-T interval was short- 
ened in many cases. The variations observed in the 
ventricular complex did not confirm the conclusions 
of previous authors who have claimed that potassium 
chloride might be useful for the differentiation be- 

tween “primary” and “secondary” changes of the T 

wave. The suggestion is made that hyperpotassemia 


at nontoxic levels causes alterations of the T wave 

by accelerating, in variable degree, epicardial »e- 

polarization, both in normal and pathologie hearts. 
LUISADA 


Braun, K., Stuczynski, L. A., and Grossowicz, N.: 
Electrocardiographic Changes Produced on the 
Syrian Hamster (Cricetus Auratus) by Diphthe- 
rial Toxins. Proc. Soe. Exper. Biol. & Med. 72:58 
(Oct.), 1949. 

Diphtherial toxins exposed to alkaline reactions 
and administered to the golden hamster produced. in 
addition to neurotoxic symptoms, marked distiirb- 
ances in heart function as evidenced by electrovar- 
diographic changes. The electrocardiographie ab- 
normalities consisted of ectopic beats, and partial 
and complete auriculo-ventricular block. Avid- 
treated toxins did not cause any electrocardiogra) hic 
changes. The electroecardiographic changes _ /re- 
quently preceded the paralytic symptoms and, when 
sublethal doses were administered, the electrocario- 
gram remained abnormal even after the neurologic 
symptoms had disappeared. It is concluded that 
electrocardiographic examination of heart function 
seems to be a more sensitive method of measuring 
the action of certain diphtherial toxins than the ob- 
servation of the neurotoxic symptoms. 

Mintz 


Wallace, L., and Clark, E.: Electrocardiographic 
Changes in a Case of Wernicke’s Syndrome. Ann. 
Int. Med. 31: 675 (Oct.), 1949. 

A 40 year old chronic alcoholic, exhibiting mental 
confusion, diplopia, horizontal nystagmus and loss 
of the deep tendon reflexes in the lower extremities, 
was diagnosed as a case of Wernicke’s syndrome 
(hemorrhagic superior polioencephalitis). Neurologic 
response to an intensive course of thiamin was fairly 
prompt. During the first four days of the patient’s 
hospitalization, a moderately elevated temperature 
was present. Electrocardiograms made during this 
febrile period were abnormal in that the T waves in 
standard limb Leads II and III were inverted. These 
deflections were normal in electrocardiograms made 
on the sixth and twentieth days of his hospitaliza- 
tion. Associated with this reversion to a normal pat- 
tern, there was a slowing of the sinus rate. Enlarge- 
ment of the heart was not shown by the x-ray film of 
the chest. The temporary T-wave abnormalities were 
assumed by the authors to be an electrocardiographic 
expression of vitamin B deficiency. 

WENDKOs. 


Abrahams, D. G.: The Q-T Interval in Acute Rheu- 
matic Carditis. Brit. Heart J. 11: 342 (Oct.), 1919. 
The purpose of this investigation was to determine 

whether prolongation of the Q-T interval was a re- 

liable index of active carditis and whether this find- 
ing had prognostic significance. Of 134 patients 
studied, 100 had active carditis. Of the patients w th 
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aciivity, 55 made an uninterrupted recovery and 45 
ha | prolonged activity. Twelve patients had inac- 
ti: carditis and 22 had no carditis. Bazett’s formula 
au’ Ashman and Hull’s criteria for the corrected 
() ! interval were used. The upper limit of normal 
fo. Q-Te was accepted as 0.422 second for men and 
clidren and 0.4382 second for women. 

Ninety per cent of those with active carditis had 
pictonged corrected Q-T intervals. Five of the 12 
with presumably inactive carditis had prolonged 
corrected Q-T intervals. These 5 were proved by 
subsequent manifestations to have had active cardi- 
ti.. the authors therefore believed that the other 7 
might have had otherwise unrecognized active car- 
ditis. The corrected Q-T interval was below the 
upper limits of normal in all 11 instances of active 
rheumatie fever without carditis. 

oth digitalis and pericarditis shortened the Q-T 
interval and at times prevented the appearance of a 
prolonged corrected Q-T interval in active carditis. 
On the other hand, ventricular hypertrophy alone 
without active carditis at times caused a prolonged 
corrected Q-T interval. 

Relapses of active carditis were characterized by 
prolongation of the corrected Q-T interval. This 
measurement may be used as a guide to physical 
activity. However, with the present data, it does not 
seem justifiable to enforce long periods of bed rest 
when a long corrected Q-T interval is the only ab- 
normal finding. 

SOLOFF 


Klein, H. A., and Myers, G. B.: The Diagnostic 
Value of High Precordial Leads. J. Lab. & Clin. 
Med. 34: 1618 (Nov.), 1949. 

High precordial leads taken at the intersections of 
vertical lines through the V3, V4, Vs and V¢ positions 
with a horizontal line at the junction of the third in- 
terspace and sternum have been obtained on approxi- 
mately 4,000 patients. The findings in these leads 
were correlated with those in the customary pre- 
cordial and Goldberger limb leads and with the 
pathologie findings in 300 cases that came to 
autopsy. 

Curdiae rotation appeared to have a greater in- 
fluence on the QRS pattern in high precordial leads 
than in those taken in the usual positions. Clockwise 
rotation displaced the transitional zone farther to 
the left in high than in the customary precordial 
lea!s and often led to the registration of an RS pat- 
teri, typical of the potential variations of the epi- 
carial surface of the right ventricle, in leads high in 
the axilla as well as in aVy,. Counterclockwise rota- 
tios tended to shift the transitional zone farther to 
right in the high than in the routine precordial 
eacls, 

‘ligh precordial leads were of particular value in 
th detection of infarcts localized to the basal por- 
tion of the anterior or lateral walls’ of the left ven- 
tile, as demonstrated by pathologically proved 


cases with diagnostic signs in high precordial leads 
but not in the routine precordial or limb leads. 
High precordial leads were also of value in 
the estimation of the basilar extent of anterior or 
lateral apical infarcts, as illustrated by cases of 
localized anterolateral apical infarction, showing 
diagnostic patterns in the customary but not in the 
high precordial leads and extensive anterolateral in- 
farction with diagnostic patterns at both levels. The 
differentiation from high precordial lead patterns 
due to right and left ventricular hypertrophy and 
right and left bundle branch block is illustrated. 
AUTHORS 


HYPERTENSION 


de Takats, G.: The Corticoadrenal Factor in Hyper- 

tension. Surgery 26: 67 (July), 1949. 

The author studied a group of hypertensive pa- 
tients, preliminary to sympathectomy, in regard to 
their corticoadrenal function, in an attempt to elu- 
cidate the problem of failure of such an operation in 
individuals preoperatively considered to be appro- 
priate candidates for it. An insulin tolerance test, 
consisting of a three-hour study of the effect of an 
intravenous injection of insulin upon the blood sugar, 
was performed upon all 50 patients in the series. 
Kight patients demonstrated an abnormal response 
in the form of an absence of the drop in blood sugar. 
This group, which was considered to be insulin resis- 
tant, was subjected to an intravenous sugar toler- 
ance test. On the basis of the results, it was suggested 
that corticoadrenal activity might be a factor at 
least in some cases of hypertension. 

ABRAMSON 


Leathem, A.: The Retinal Vessels in Hypertension. 

Quart. J. Med. 18: 203 (July), 1949. 

After studying the optic fundi of 111 patients with 
varying degrees of hypertension and of 103 normal 
subjects, the authors reached certain conclusions. 
They feel that hypertension can be diagnosed with 
reasonable certainty by opthalmoscopic fundings 
alone (1) if either of the following findings are 
present, namely irregularity of the lumen in at least 
two arterioles, or the lumen of one arteriole less than 
one-half the width of its companion vein, with less 
than the normal 2:3 ratio between most of the 
others; (2) if two of the following three changes are 
present, namely, pallor of the arteriolar blood 
column, changes at the arteriovenous crossings, and a 
broad or bright light reflex. 

In patients with high diastolic pressures (110 
mm. Hg or more), 10 per cent had normal retinal 
vessels, while 89 per cent had hypertensive retinal 
arterioles, 89 per cent showed left ventricular en- 
largement by fluoroscopy, and 69 per cent revealed 
left ventricular preponderance by electrocardiog- 
raphy. In patients with a low diastolic pressure 
(90 mm. Hg or less) but a systolic pressure of 160 
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mm. Hg or more, hypertensive retinal arterioles 
were found in 50 per cent, left ventricular enlarge- 
ment in 44 per cent, and left ventricular preponder- 
ance in 25 per cent. Of the entire series of hyper- 
tensive patients (111), 70 per cent had _ retinal 
arteriole changes which were never found in the 
control series; 66 per cent had enlargement of the 
left ventricle; and 50 per cent showed left ventricu- 
lar preponderance. 

The author suggests that in cases of cardiae en- 
largement of unknown etiology with normal or 
equivocal blood pressure, examination of the retinal 
vessels should be of help in determining whether 
hypertension is the cause. 

MARGOLIES 


Heller, E. M.: The Treatment of Essential Hyper- 
tension. Canad. M. A. J. 61: 293 (Sept.), 1949. 
The author describes what he believes to be the 

proper treatment for essential hypertension. Hyper- 

tension is divided into two groups; systolic hyper- 
tension, and diastolic hypertension. Essential hyper- 
tension is the form of hypertension in over 70 per 
cent of the cases classified as diastolic hypertension. 

Correct diagnosis is therefore important in order to 

rule out the nonessential types of high blood pres- 

sure, 

The proper therapy includes rest, sedation, psy- 
chotherapy, and reduction of weight. Obesity is 
usually an associated etiologic factor only; neverthe- 
less, the blood pressure drops significantly and even 
becomes normal, and remains so if weight is kept 
within normal limits. Sodium restriction therapy by 
means of two different types of diets often results in 
improvement even in cases of advanced hyperten- 
sion. As regards sympathectomy, the author feels 
that the most opportune time for operation is in a 
patient under 50 years of age, who has been observed 
regularly and whose hypertension and symptoms and 
signs are persisting and progressing in spite of ade- 
quate conservative therapy. 

The author reports the success of a low sodium 
diet in the treatment of a series of 5 cases, 4 of whom 
had previously failed to respond to other conserva- 
tive therapy. 

BELLET 


Owens, F. M.: Relief of Chronic Hypertension by 
Excision of Pheochromocytoma. Arch. Surg. 59: 
896 (Oct.), 1949. 

The author reports a case of chronie hypertension 
caused by pheochromocytoma and cured by the re- 
moval of the tumor. This patient had been advised 
to undergo sympathectomy; during the process of 
study for renovascular diseases the patient was ad- 
mitted to the hospital because of suspected appendi- 
citis. This disease was not present but a mass was 
felt in the midepigastrium which proved to be a pheo- 
chromocytoma. The author concludes that both ad- 
renal regions should be explored routinely at the 


time of sympathectomy for hypertension. The 
tumor, however, may not lie in the adrenal regions 
but may arise wherever chromaffin tissue is foun, 
Tests for epinephine-producing tumors are sim) le 
and can be utilized to advantage in the study of t!e 
hypertensive patient. 

Brch 


Vakil, R. L.: A Clinical Trial of Rauwolfia Serpen- 
tina in Essential Hypertension. Brit. Heart J. 
11: 350 (Oct.), 1949. 

Rauwolfia serpentina, a large climbing or twining 
herb or shrub, belonging to the natural order Apovy- 
naceoe, has been extensively used in India, with 
apparent success, as a remedy for hypertension. This 
drug is said to act on the vasomotor center, leading 
to generalized vasodilation with lowering of the 
blood pressure; to depress the cerebral centers with 
soothing of the general nervous system; to produce 
a sedative action on the gastrie mucosa; to produce 
a stimulating action on the intestinal smooth muscle; 
and to stimulate the bronchial musculature. 

The author studied the effect of this drug on the 
blood pressure of 50 hypertensive patients. In 73 
per cent of cases there was a drop of both systolic 
and diastolic blood pressure after one week of 
therapy. After four weeks of therapy, 62 per cent 
of cases developed a ‘‘moderate’” or “marked” 
drop of both systolic and diastolie pressure levels. 
The systolic drop varied from 2 to 54 mm. with an 
average of 21 mm. The diastolic pressure showed a 
drop of 4 to 34 mm. with an average drop of 11 mm. 
The blood pressure lowering effect of the drug could 
be reproduced by a second administration. 

The author states that the drug was essentially 
nontoxic, but occasionally individual: complained 
of drowsiness, depression, diarrhea, anorexia, nausea, 
vomiting, vertigo, giddiness, polyurea, nocturia and 
abdominal pain. 

SOLOFF 


PATHOLOGIC PHYSIOLOGY 


Segall, H. N., Wener, J., and Druckman, R.: Ca- 
rotid Sinus and Coronary Circulation. Canad. M. 
A. J. 61: 118 (Aug.), 1949. 

The authors examined an unselected group of 
controls, subjects who had _ no clinical evidence of 
coronary artery disease, and a group of patients 
who had cardiac pain and other evidence of coronary 
artery disease. Carotid sinus pressure was applic! 
to both groups; the duration and intensity of tlie 
pressure was varied to avoid producing loss of 
consciousness in those with a sensitive carotid sinu- 
and to elicit a maximum effect in those with 
insensitive carotid sinus. 

No cardiac pain occurred in their series of 416 
patients as the result of carotid sinus pressu'. 
About one-third of the cases developed prolongation 
of the P-R interval. Pressure on the left as we'l 
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as ‘he right side of the neck was equally effective 
in prolonging the P-R interval. Carotid sinus 
pre-sure elicited both auricular and ventricular pre- 
maiure ectopic beats in a small number of cases. 
Carotid sinus pressure did produce some abnor- 
ty of the T wave without the development of 
in nineteen instances. Abnormalities in T waves 
- produced only in patients with striking clinical 
ence of impairment in coronary circu'ation, both 
rms of cardiac pain on exertion and electro- 
car iographie abnormalities indicating myocardial 
fibiosis, the result of coronary occlusion in the past. 
li is postulated that carotid sinus pressure re- 
sulted in the production of sufficient acetylcholine 
in these few eases to elicit abnormalities of T waves 
similar to those produced in dogs and in man by 
the intravenous or subcutaneous administration of 
acetylcholine or by prolonged vagus stimulation. 
BELLE? 


PATHOLOGY 


Rinehart, J. F., and Greenberg, L. D.: Effect of 
Experimental Thiamine Deficiency on the Heart 
of the Rhesus Monkey. Arch. Path. 48: 89 
(July), 1949. 

The authors studied the problem of cardiac in- 
volvement in isolated experimental thiamine de- 
ficiency in monkeys. Seven animals were subjected 
to varying degrees of thiamine dietary depletion, 
being under observation for periods of fifty days up 
to one hundred and seventy days. Three of these 7 
animals were subjected to two episodes of acute 
depletion, 2 others to three such episodes; one ani- 
mal received repeated suboptimal doses of thiamine, 
while the last animal was examined after a single 
depletion period of fifty days’ duration. 

The authors point out that animals subjected to 
such depletion will not show any changes for three 
weeks, and the pathologic observations made at 
such a time will show nothing of note. However, 
after prolonged and recurring periods of depletion, 
as carried out in this study, a definite cardiac 
pathology is manifest in rhesus monkeys. Gross 
examination of the hearts of these 7 animals re- 
vealed dilatation of the right auricle and ventricle 
and occasionally left ventricular dilatation. 

Significant microscopic findings were noted in 4 
of tle 7 animals. These were of two types: One was 
focal necrosis of the heart muscle of variable extent, 
apparently a slow degeneration of individual muscle 
fibers rather than an acute massive necrosis. The 
other cardiae lesion was seen in the same 4 animals. 
It consisted of swelling and development of large 
clei areas in the cytoplasm of subendocardial 
mu-vle fibers accompanied by hypertrophy and hy- 
per: hromatism of the muscle nuclei. There was 
usually some interstitial edema. This microscopic 
les'on was most frequently seen in the left ventricle, 
but was also present in the right. The size and 


distribution of these involved fibers indicate that 
they are part of the conduction system. These 
changes are not seen in the auricles. 

The authors state that necrosis of the myocardium 
has been noted in swine, in pigeons, in dogs, foxes, 
and recently in rats. They believe that hydropic 
degeneration of the fibers of the conduction system 
is probably distinctive of thiamine deficiency. They 
quote Wenckebach as having observed an identical 
pathologic change in his classic study of the beriberi 
heart in man. They admit that hydropic degenera- 
tion of the myocardium can be seen in conditions 
other than thiamine deficiency. 


GOULEY 


Barker, W. F.: Syphilitic Aortitis with Obstruction of 
Multiple Aortic Ostia. New England J. Med. 
241: 524 (Oct. 6), 1949. 

The author reports a case with one of the more 
unusual cardiovascular complications of syphilis. 
A 52 year old man was admitted to the hospital 
complaining of severe pain in the anterior part of 
the chest radiating down the left arm. Electrocardio- 
grams were considered suggestive of infarction of 
the anterolateral aspect of the left ventricle with 
subendocardial extension. Three hours after ad- 
mission the patient died suddenly. The clinical 
diagnosis was coronary thrombosis with myocardial 
infarction and syphilis with suspected aortitis in- 
volving the coronary ostia. Necropsy revealed syph- 
ilitie aortitis and endarteritis in which there was 
obliteration of the lumen of the innominate artery, 
partial obstruction to the lumen of the left sub- 
clavian artery and almost complete occlusion of the 
coronary ostia. The diagnosis of coronary-ostia dis- 
ease should be more readily suspected when, in 
association with electrocardiographic changes of 
“global ischemia,” there is evidence of other ostial 
obstruction, with or without a demonstrable aortic 
aneurysm. 

BELLET 
. 

Shucksmith, H. S., and Macpherson, I.: Dissecting 
Aneurysm of the Aorta. Brit. M. J., 4634: 963 © 
(Oct. 29), 1949. 

During the course of a fatal case of dissecting 
aneurysm, the presence of an embolism near the 
aortic bifurcation was suspected. Marked spasm of 
the arteries of the lower limb with coldness and 
paralysis of the limbs was noted. The initial physical 
findings suggested embolism completely blocking 
the right common iliac artery and partially blocking 
the left. The symptoms, however, occurred earlier 
in the left limb than in the right, making the diag- 
nosis of embolism unlikely. Rapid and marked 
improvement of the limb occurred shortly after the 
onset. The last portion of the skin to become warm 
following recovery was a localized area above the 
ankle. The authors suggest that there may be an 
exceptional vascular arrangement at this site and 





624 ABSTRACTS 


that this may be related to the common occur- 
rence of ulcers at this location. 
TANDOWSKY 


Conston, A. S.: Healed Dissecting Aneurysm. Arch. 

Path. 48: 309 (Oct.), 1949. 

Conston reports a case of healed dissecting aneu- 
rysm which, from clinical data, was apparently of 
only twenty months’ duration. The interesting fea- 
tures were (1) a “double-barreled” aorta, extending 
from the beginning of the thoracic aorta down to 
the bifurcation, with re-entrance into the left iliac 
artery; (2) the emergence of the intercostal arteries 
from the new channel; (3) the origin of the left renal 
artery from the new vessel at the same level as that 
of the right artery, which came from the old chan- 
nel; (4) the normal appearance of the left renal ar- 
tery throughout its length with excellent preserva- 
tion of the left kidney; (5) the atheromatous deposit 
in both aortas, more so in the new channel. 

The patient was a 58 year old man with advanced 
hypertensive disease who twenty months before 
death had had his first episode of illness, an attack 
of severe epigastric pain. Laboratory and x-ray 
studies of kidney function revealed a normal status. 

The author comments on the scarcity of similar 
cases of dissecting aneurism in which paired visceral 
arteries (renal or spermatic) have different origins 
in “double-barrelled” aortas. 

GOULEY 


Schlicter, 1. G., Amromin, G. D., and Solway, A. J. 
L.: Dissecting Aneurysms of the Aorta. Arch. 
Int. Med. 84: 558 (Oct.), 1949. 

In an attempt to ascertain the underlying etiologic 
factors in dissecting aneurysm of the aorta, fourteen 
consecutive instances of dissecting aneurysm of 
aorta were reviewed from the clinical and mor- 
phologic point of view; eleven were reviewed with 
emphasis on changes in the vasa vasorum. 

The most frequently demonstrable pathologic al- 
terations found in aortas with dissecting aneurysms 
are medionecrosis, undermined arteriosclerotic ul- 
cers, and rarely, syphilitic lesions. It appears that 
anoxia of the vascular wall is apparently the most 
important factor in the development of medio- 
necrosis. Such anoxia may develop as a result of 
various factors: (1) Occlusive diseases of the vasa 
vasorum secondary to arteriosclerosis, arteriolo- 
sclerosis or other alterations of the hyperplastic 
variety. (2) Alterations in the hemodynamics of 
the vasa vasorum (dilatation with resultant stasis 
of blood may explain dissecting aneurysm first 
becoming manifest after shock or severe infections 
in man). (3) Diminished oxygen saturation of the 
blood or severe anemia (when combined with another 
mechanism). (4) Congenital abnormalities in the 
distribution of the vasa vasorum or paucity of 
collateral circulation through the adventitia or the 
outer third of the media. 


Two of the cases reviewed by the authors were 
due to arteriosclerosis and 12 were secondary to 
medionecrosis of the aorta. Alterations were ep- 
countered in the vasa vasorum of nine aortas; seven 
of the nine showed associated medionecrosis of the 
aorta. 

BERNSTE!\ 


Finestone, A. J., and Geschickter, C. F.: Bone 
Formation in the Heart. Am. J. Clin. Path. 19: 
974 (Oct.), 1949. 

A 63 vear old Negro man with a clinical diag: osis 
of pulmonary tuberculosis expired on the sixth day 
after hospital admission. At autopsy a hard, calcific 
mass was found in the lateral wall of the right ven- 
tricle, the medial aspect of which was incomplctely 
covered by myocardium and endocardium. Examina- 
tion of the myocardial mass showed a rim of rela- 
tively normal appearing cardiac muscle surrounding 
a definite layer of dense hyaline connective tissue 
which was undergoing calcification. The central 
area of the mass was composed of a meshwork of 
collagenous connective tissue and bone spicules. 

The authors believe that the mechanism in all 
dystrophic calcification and ossification, regardless 
of site, is similar. They state that a diminished blood 
supply for any reason, plus the other necessary 
requisities, will produce calcification. If an increased 
vascularity occurs later, ossification may result. 

BELLE! 


Barach, J. H.: Arteriosclerosis and Diabetes. Am. 

J. Med. 7: 617 (Nov.), 1949. 

The author reviews some of the known facts 
concerned in the etiology and pathogenesis of arterio- 
sclerosis. It is pointed out that all types of arterio- 
sclerosis (atherosclerosis, Moenckeberg’s medial 
sclerosis, and arteriolar sclerosis) occur much earlier 
and more extensively in diabetics than in non- 
diabetics. 

From the etiologic point of view, there is evidence 
that dietary, endocrine, mechanical, and hereditary 
factors are of importance. Knowledge concerning 
the relative roles of exogenous and endogenous 
cholesterol in the development of arteriosclerosis 
is at present incomplete, but tracer studies may 
cast some light on the problem. 

Specific measures for the prevention and _ trest- 
ment of arteriosclerosis must await further clarifica- 
tion of the etiologic and pathogenetic mechanisims 
involved. At the present time, reduction in weig)it 
of the obese and restriction in the amount of animal 
fat in the diet seem to be of value. 

Hanne 


Wipf, H., and Brawner, H.: Cardiac Hypertrophy in 
Experimental Arteriovenous Fistula. Arch. Pa’ li. 
48: 405, (Nov.), 1949. 

The authors produced experimental arteriovenc is 

fistulas in large dogs by joining the common caro’ id 
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tery and the external jugular vein. The com- 
nication was large, postoperative thrombosis was 
‘vented, and the animals were maintained from 
ty-seven up to one hundred and five days. A sur- 
sing result was the absence of hypertrophy and 
\laterally) a lack of increase in weight in the hearts 
these dogs. This was in sharp contrast to the 
ults of the same procedure in rabbits where the 
rease in cardiac weight varied from 45 to 125 
cent. The authors conclude that dogs may com- 
isate for the additional circulatory load more 

eticiently than rabbits. 

GOULEY 


PHARMACOLOGY 


Biilbring, E., and Burn, J. H.: Action of Acetyl- 
choline on Rabbit Auricles in Relation to Acetyl- 
choline Synthesis. J. Physiol. 108: 508 (June), 
1949. 

Recent work has suggested that acetylcholine is 
not only a humoral transmitter of vagal impulses 
but also plays an important part in spontaneous 
contraction of the heart. Freshly excised rabbit 
auricles in Tyrode’s solution will beat for a twenty- 
four to thirty-six hour period. Acetylcholine added 
to the solution depressed the beat. When the auricles 
have ceased beating they can be restarted by acetyl- 
choline; a further addition of acetylcholine may in- 
crease the rate and amplitude. 

When freshly excised auricles were made into a 
powder and incubated they synthesized acetylcholine 
at the average rate of 40 ug. per gram of powder per 
75 minutes. Powder made from auricles which had 
stopped beating synthesized only about 15 ug. per 
gram of powder per 75 minutes. The synthesis of 
acetylcholine, therefore, is closely related to spon- 
taneous activity of cardiac muscle. 

Acetylcholine inhibited auricular contractions 
when this synthesis was proceeding at a high rate; 
and stimulated contraction when applied to auricles 
in which its synthesis was proceeding at a slow rate. 
In short, when the auricular beat stops and the 
synthesizing power rapidly declines, the addition of 
acetylcholine restores the beat and augments the 
synthesizing power. This supports the view that the 
activity of the heart and the synthesis of acetyl- 
choline are inseparably linked. 

WAIFE 


Watkinson, G.: Massive Salicylate Therapy in 
Rheumatic Fever. Ann. Rheumat. Dis. 8: 120 
(Jnne), 1949. 

In the present survey, 80 service patients suffer- 
ing om rheumatic fever were treated with a mini- 
mal ‘ose of aspirin (not exceeding 100 grains daily), 
am lerate dose (200 grains daily with and without 
100 srains of sodium bicarbonate daily), and a 
mas ‘ve dose (from 120 grains to 600 grains daily) 
to :.aintain blood salicylate levels above 30 mg. 


per cent. The drug had to be given every four hours 
in order to maintain effective salicylate levels. 

Alkalis accelerated the urinary excretion of sali- 
cylates. Dehydration caused a rapid increase in 
serum concentration. Variation in daily excretion 
was also caused by alteration of urinary pH, a 
deterioration in mixtures of salicylate solution and 
crystalline salicylate in the dispensing mixtures 
used, and the tolerance that developed after pro- 
longed administration. 

The massive dose therapy was most effective in 
rapidly lowering the temperature to normal, shorten- 
ing the duration of symptoms, and returning the 
sedimentation rate to normal. The moderate dose 
schedule was more effective than the minimal dose. 
No reduction in relapse rate or in the incidence of 
carditis was seen. Toxie effects were greatest and 
most frequent with the massive dosage schedule. 

LEcKS 


Hayes, D. W., Wakim, K. G., Horton, B. T. and 
Peters, G. A.: The Effects of Dihydroergocornine 
on the Circulation in the Extremities of Man. 
J. Clin. Investigation 28: 615 (July), 1949. 
Dihydroergocornine (DHO-180), an alkaloid de- 

rived from ergot, was administered intravenously 

to 20 subjects. The peripheral blood flow was de- 
termined by the venous occlusion plethysmograph 
with a compensating spirometer recorder. 

There was an increase in peripheral blood flow 
which varied with the method of injection and the 
extremities. An average increase of 117 per cent 
(range 35 per cent to 214 per cent) was noted in the 
arms of 6 persons when dihydroergocornine was given 
by infusion. The average increase was 78 per cent 
in the lower extremities. When the drug was given 
by a single intravenous injection, the average increase 
in blood flow was 84 per cent and 63 per cent for the 
upper and lower extremities, respectively. The over- 
all average for the entire group were 94 per cent in 
the upper and 6 per cent in the lower limbs. No 
significant changes in blood pressure were found in 
normotensive subjects but the pressure did fall in 2° 
hypertensive patients. A moderate reduction in 
heart rate was found. Side reactions were observed 
in all but one case. Nasal congestion producing severe 
obstructions of the passages was the most common 
complaint. Nausea, headaches, and flushing were 
also noted. 

WAIFE 


Tichy, V. L., and Zankel, H. T.: Prevention of Venous 
Thrombosis and Embolism by Electrical Sti mula- 
tion of Calf Muscles. Arch. Phys. Med.0: 711 3 
(Nov.), 1949. 

By means of electrodes placed around the legs, 
the authors studied the effect of artificially produced 
rhythmic contractions of the calf muscles on the pre- 
vention of postoperative intravascular clotting. Six 
hundred thirty-nine patients were subjected to this 
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type of therapy, and one of this group developed 
venous thrombosis after operation. In the opinion 
of the authors this was much less than would have 
been anticipated in a comparable control group. 
ABRAMSON 


Ellis, S.: The Action of Sympathomimetic Amines 
on the Isolated Heart of the Frog. J. Pharmacol. 
& Exper. Therap. 96: 365 (Aug.), 1949. 

This paper concerns the chemical nature of sub- 
stances possessing sympathomimetic action on the 
heart. The author tested a large number of aryl- 
alkylamines and aliphaticamines on the isolated 
heart of the frog. The following observations were 
made: (1) The isolated frog’s heart shows epi- 
nephrine-like responses to 2-phenylethylamine de- 
rivative with at least one hydroxyl group in either 
the 3- or 4- position on the ring. Compounds with 
secondary (methyl- or isopropylamino) or tertiary 
amine groups are also active. (2) When the side 
chain is lengthened to three carbon atoms, only 3, 
4-dihydroxyphenyl compounds are active. ¢-dihy- 
droxyphenylalanine (DOPA) produces positive ino- 
tropic effects. (3) The aliphatic sympathomimetic 
amines produce positive inotropic changes which 
are reversible only with difficulty. Certain charac- 
teristics of the actions of these compounds indicate 
that the mechanism of action differs from that of 
epinephrine. (4) Phenyl- and eyclohexyl- alkylamines 
do not possess positive inotropic activity. (5) Ergot 


alkaloids, Priscol, 2-(piperidinomothyl) —6-methoxy 

tetralone and dibenamine are unsatisfactory adreno- 

lytic agents when applied to the frog’s heart. 
GODFREY 


Carr, C. J., Burgison, R. N., Vitcha, J. F., and Krantz, 
J. C., Jr.: Anesthesia, XXXIV. Chemical Consti- 
tution of Hydrocarbons and Cardiac Automa- 
ticity. J. Pharmacol. & Exper. Therap. 97: 15 
(Sept.) 1949. 

Cyclopropane-epinephrine induced ventricular ar- 
rhythmia is a well known phenomenon and may be 
reproduced by a wide variety of substances other 
than cyclopropane or chloroform. The substances 
known to reproduce this effect include many anes- 
thetic agents in use today. The eleven cyclic and 
acyclic hydrocarbons, when inhaled, sensitize the 
myocardium to epinephrine while the aliphatic ethers 
as a class do not. However, ethylene, an unsaturated 
hydrocarbon, has been found to be without sensi- 
tizing effect on the myocardium; thus it acts more 
like an aliphatic ether. 

In an attempt to correlate chemical structure 
with sensitizing effects, the authors chose several 
other unsaturated hydrocarbons. Sensitization ap- 
peared to be lessened with the presence of unsatura- 
tion in the molecule; however, the failure to sensitize 
was a matter of degree and not dependent upon the ab- 
solute absence of some sensitizing chemical structure. 

GODFREY 


Stark, W., and Barrera, S. E.: Use of Potassium in 
Protracted Insulin Coma: Preliminary Report. 
Arch. Neurol. & Psychiat. 62: 280 (Sept.), 194), 
The purpose of this paper is to add 2 cases to tle 

reported instances of protracted insulin coma and 
to present a relatively new mode of therapy. Tie 
diagnosis of protracted insulin coma in the 2 1e- 
ported cases was made when the patients failed io 
recover from coma following the administration of 
what was thought to be adequate amounts of dex- 
trose (each patient received a minimum of 125 Gia. 
intravenously in a 25 per cent solution). This ‘ed 
the authors to conclude that disturbed carbohydr: te 
metabolism was not the sole factor in producing 
protracted coma. 

The response following the administration of \o- 
tassium was dramatic. The patient rapidly emerged 
from the comatose state. The authors administered 
potassium in a 1 ec. tuberculin syringe. Since <dis- 
cernible cardiac changes (lowering of cardiac rate 
with alteration in rhythm and transient. electro- 
sardiographie changes) occurred during the course 
of administration of potassium, the heart was con- 
stantly auscultated during administration of the drug, 
and a second injection was not given until normal 
vardiac rhythm was established. Using a 10 per cent 
solution, the material was injected very slowly at 
the rate of 0.02 to 0.04 Gm. at a given injection. 
By this method of administering potassium, critical 
concentrations were rarely reached. 

The authors do not attribute the therapeutic 
responses obtained solely to the use of potassium nor 
do they feel that a direct correlation between 
the response and the drug exists. As yet, the nature 
of the initiated changes remains a problem for study. 
They state that this is the first known report of a 
case of protracted coma in which the patient was 
treated by the intravenous administration of po- 
tassium. 


BELLET 


Halbeisen, William A., Gruber, Charles M. Jr., and 
Gruber, Charles M.: A Study on the Comparative 
Depressant Effects of Hypnotic Drugs (Medomin, 
Seconal and Phenobarbital) on Heart Muscle and 
Cardiac Vagus Nerve. Anesthesiology 10: 585 
(Sept.), 1949. 

The authors report the results of an investigation 
‘arried out on hearts of frogs to determine whetlier 
cycloheptenylethyl barbiturate (Medomin) is free of 
vardiac effects, and upon terrapins (Chrysemys 
marginata) to determine whether it has a depress:.nt 
action on the cardiac vagus nerve similar to tliat 
produced by all other barbiturates. In order to com- 
pare the activity of this barbiturate with that of 
other barbiturates, similar molecular concentrations 
of Seconal sodium and phenobarbital sodium \ cre 
studied on the same hearts 

Cycloheptenylethyl barbiturate, like other |: 
biturates, when added to the perfusate cause: 4 
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de-rease in the height of the contractions of the per- 
fu-ed isolated frog heart. In many experiments it also 
de reased the rate of heart beat. The authors’ results 
in Jieate that approximately twice the molecular 
co .centration of phenobarbital sodium is required to 
produce the same depression as is produced by 
ey loheptenylethyl barbiturate and that twice the 
cocentration of this barbiturate is required to pro- 
due the same degree of depression as is produced by 
Seconal sodium. 

n the experiment on the cardiac vagus nerve in 
the turtle, eyeloheptenylethy] barbiturate again ap- 
peared to be approximately twice as depressant as 
phenobarbital sodium, whereas Seconal sodium ap- 
peared to be twice as active as cycloheptenylethyl 
barbiturate. 

BELLET 


Swan, H. J. C.: Effect of Noradrenaline on the 
Human Circulation. Lancet 257: 508 (Sept. 17), 
1949. 

The author reports on the effect of noradrenaline 
on the human circulation. The subjects of the experi- 
ment were normal healthy men between 20 to 30 
years of age. An intravenous infusion of 0.06 mg. 
of |-noradrenaline per minute for four minutes was 
given to each. 

The effect on the blood pressure was a rise to hy- 
pertension levels, with both systolic and diastolic 
pressure levels well above basal values. The average 
rise in systolic pressure during the period of maxi- 
mum effect was from 120 to 160 mm. of mercury. A 
bradycardia was also a pronounced feature. The rise 
in diastolic pressure that occurred in the presence of 
a bradyeardia suggested an inerease in total 
peripheral resistance. The infusion of noradrenaline 
in the blood flow through the hand, which is chiefly 
through skin, resulted in a definite vasoconstriction 
which was maintained during the period of infusion. 

BELLE? 


Rogers, M. P.: Priscoline and Arteriosclerotic 
Peripheral Vascular Disease. Geriatrics 4: 315 
(Sept.-Oct.), 1949. 

The author discusses the effect of Priscoline, 25 
mg. three to five times daily, on fifteen geriatric 
patients with obliterative arterial disease. In every 
case {here was a definite, measurable improvement; 
the average oscillometric increase in the right leg 
Was from 3.8 mm. to 5.15 mm. and in the left leg 
from 2.75 mm. to 3.7 mm. Priscoline, however, is 
not without its disadvantages. In cases of arterio- 
sclerosis associated with moderate to severe coronary 
insuflicieney and in cases of marked hypertension, 


Prisccline (in a dose of 25 mg.) may produce some 
accel ration of the heart and a moderate increase in 
systo 


¢ blood pressure. Therefore, in such cases, it 
is sugested that smaller doses of the drug be used. 


BELLET 
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Last, J. H., Rodriguez, A., and Pitesky, I.: Effect 
of Adrenergic Blocking Agents on the Cutaneous 
Action of Epinephrine. Proc. Soc. Exper. Biol. 
& Med. 72: 119 (Oct.), 1949. 

The adrenergic blocking agents used in this study 
were N-(2-chloroethy])-dibenzylamine hydrochloride 
(Dibenamine) and N-(2-bromoethyl)-N-1-naphtha- 
lene-methylamine hydrobomide (SY-28). These 
agents were administered by direct diffusion or by 
ion transfer through the skin in order to avoid the 
generalized toxic manifestations encountered when 
given by the parenteral route. 

Both Dibenamine and SY-28, when used by direct 
diffusion, were absorbed by the intact rabbit skin 
and were capable of blocking the vasoconstriction 
produced by intravenously administered epineph- 
rine. By this route SY-28 was approximately five 
times as potent as Dibenamine. When the adrenergic 
drugs were administered by ion transfer, the penetra- 
tion of both drugs into the skin was significantly 
facilitated. Both blocking compounds were fixed 
locally in the skin, but the contiguous untreated 
areas were still capable of responding to epinephrine. 
SY-28 when given intravenously was approximately 
eight times as potent as Dibenamine. The “epi- 
nephrine reversal” phenomenon was noted for the 
first time in the skin of the rabbit and suggests the 
presence of vasodilator fibers. 


MINTz 


Raab, W.: Propyl-thiouracil for Angina Pectoris. 
Acta med. Scandinav. 135: 364 (Oct.), 1949. 
Nine patients were treated with propyl-thiouracil 

for five to sixteen months, with daily doses ranging 
from 100 to 300 mg. One patient, who averaged 
thirty attacks of angina per month, responded with 
a complete disappearance of symptoms after nine 
months of therapy. In 4 other cases there was a 
definite reduction in the number and severity of the 
episodes. The improvement was moderate in 
one case, and sligh€ in another. In 2 cases there was 
no response whatsoever. In one severe case, the 
combined treatment of x-ray irradiation of the 
adrenals and thiouracil was followed by disappear- 
ance of the attacks, which have not recurred in 
thirty-two months. 

There were no instances of toxic side effects or of 
myxedema. However, during the course of therapy 
there was one nonfatal coronary occlusion, and 
three fatal ones. There were two other deaths from 
coronary occlusions which occurred three weeks 
and six months, respectively, after discontinuing the 
propyi-thiouracil. 

Because atherosclerotic lesions have been pro- 
duced in dogs by the combined administration of 
cholesterol and thiouracil, and because of the pos- 
sible significance of hypercholesteremia in the origin 
of human coronary sclerosis, the author considers it 
advisable to maintain cholesterol intake at a mini- 
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mum when treating a patient for angina with propyl- 
thiouracil. 
MARGOLIES 


DelPozo, E. C., and Pardo, E. G.: Ischemic Striated 
Muscle as an Indicator of the Activity of a Cardiac 
Glycoside. J. Pharmacol. & Exper. Therap. $7: 
144 (Oct.), 1949. 

Cardiac glycosides have little effect on normal 
myocardium until toxic quantities have been ad- 
ministered; however, their effects on the ‘“hypo- 
dynamic”’ heart of a failing myocardium is marked. 
Cardiae glycosides have little action on contractile 
tissues other than the heart. Skeletal muscle can be 
subjected to large quantities of glycosides with little 
effect even though it ean be shown that the glycoside 
is being taken up by the tissue. Theorizing that the 
failing myocardium is probably anoxic to some 
extent, the authors administered K-strophanthoside 
to an anoxic skeletal muscle to see if in this special 
circumstance the effects of the glycoside in skeletal 
and heart muscle would be comparable. 

Anoxia was produced in the ecat’s hind limb by 
temporary occlusion of the aorta.. K-strophanthoside 
was administered intravenously in amounts up to 
80 per cent of the minimal lethal dose. The glycoside 
appeared to have a very marked effect on the 
strength of contraction, duration of contraction, and 
degree of relaxation after contraction. It appeared 
to increase the strength of contraction, shorten the 
duration and inerease relaxation. The effects were 
only noted after sufficient anoxia had been produced 
to markedly affect the limb’s response to stimula- 
tion. 

GODFREY 


Bohr, D. R., McIvor, B. C., and Rinehart, J. F.: 
The Effects of Various Flavone Glucosides on the 
Rate of Passage of Evans Blue through the 
Damaged Capillary Wall. J. Pharmacol. & Exper. 
Therap. $7: 243 (Oct.), 1949. 

The ability of rutin and other flavones to decrease 
capillary permeability has commonly been measured 
by the skin colorization time after injection of Evans 
blue into the experimental animal. The authors 
attack the validity of this test as an indicator of 


sapillary permeability. They found that increase in- 


the skin colorization time could be roughly cor- 
related with the ability of the individual flavone 
to depress blood pressure, thereby decreasing pe- 
ripheral capillary blood flow. Furthermore, a very 
marked decrease in the colorization time could be 
produced by continuous administration of nitrites 
(with subsequent marked hypotension). Hespiridin 
methyl chaleone produced a greater and more sub- 
stained fall in blood pressure than did either rutin 
or sodium hesperidin chaleone, and likewise was 
more effective in producing a delay in skin coloriza- 
tion time. 
GODFREY 


Glazebrook, A. J.: Clinical Trials of Succinates and 
of Heparin in Rheumatic Fever. Brit. M. J, 
4631: 789 (Oct. 8), 1949. 

Glazebrook and Cookson (1947) have pointed cut 
that substances and conditions benefiting acute 
rheumatic fever, rheumatoid arthritis, and anaph yl- 
actic states have a common action in that they «re 
all anticoagulants. These substances and states ire 
salicylates in rheumatic fever, deep jaundice 1 
rheumatoid arthritis, and heparin in anaphylactic 
states. On the basis of this theory, the author re- 
ports his experiences in the treatment of acute 
rheumatie fever with: (a) calcium monobenzyl suc- 
cinate, (50 gr. daily) and (b) calcium double salt of 
benzoic acid and succinic acid benzyl ester, (50 
gr. daily). He also reports his experiences in the 
treatment of acute rheumatic fever with hepi:rin 
(1000 T.U. intravenously three times daily) and 
salicylates (200 gr.) daily in four-hourly doses. A 
control group was given salicylates, without heparin. 
All three groups were also given 200 mg. of ascorbic 
acid daily. None of these methods represented any 
improvement over conventional salicylate therapy 

BELLET 


PHYSICAL SIGNS 


Von Reis, G.: Clinical Aspects of Endocardial 
Myxoma Situated in the. Left Atrium. Acta med. 
Seandinav. 133: 213 (Apr.), 1949. 

The authors summarize the clinical findings in 
30 cases of endocardial myxoma situated in the 
left atrium. These tumors were of such a size that 
they touched the mitral orifice or ended just above 
this structure; in all probability they gave rise to 
the patients’ symptoms and led to the fatal termina- 
tion. 

In 8 cases there was heard a systolic murmur, less 
often a presystolic, and only occasionally a diastolic 
murmur. In 6 cases three sounds were heard, and 
in 6 cases an accentuated second pulmonic sound 
was present. Arrhythmias and electrocardiographic 
abnormalities of various types were present. In 4 
vases, embolic phenomena were present. Initially 
the patients were but slightly inconvenienced by 
their symptoms, but as soon as signs of cardiac 
incompetence appeared, the condition was apt to 
prove fatal within a short period. Attacks of the 
Adams-Stokes type seemed to be an_ invariable 
feature, without a demonstrable transition into com- 
plete heart block. In all probability these attacks 
occurred when the polypus attained such a size that 
it temporarily obstructed the mitral orifice. Wien 
the patient’s position is changed, the polypus may 
slide back from the orifice, the circulation being 
re-established and the cerebral anemia alleviated. 

BELLE? 


Alimurung, M. M., Rappaport, M. B. and Sprague, 
H. B.: Variations in the First Apical Sound Simu- 





Za Sa eee ACRES ae RM MB OE RINNE att 


ABSTRACTS 629 


lating the So-called ‘“Presystolic Murmur of Mi- 
tral Stenosis.” New England J. Med., 241: 631 
Oct. 27), 1949. 

In 8 patients who on clinical examination 
jesented a presystolic apical murmur, phonocar- 
(ography failed to corroborate this auscultatory in- 
te pretation. This auditory illusion was due to sev- 
evil forms of variation of the first heart sound, in all 
0! which the whole sound complex assumed a cres- 
ceido configuration. These variations consisted in 
prolongation of the sound, with its later elements of 
unusual intensity, splitting of the sound in such a 
fashion that the second element was more intense 
than the first, and prolongation of the sound in asso- 
ciition with an auricular gallop coming very close 
to the first sound. In all these variations, however, 
the first sound always started after the electrocardio- 
griphie Q wave. 

Three cases definitely had valvular disease. Two 
had rheumatic heart disease with predominant aor- 
tic regurgitation and mitral regurgitation; the third 
was a ease of syphilitic aortitis with aortic insuffi- 
ciency. In the 2 rheumatic cases the association of 
the aortie diastolic murmur heard at the apex with 
what was believed to be a presystolic crescendo ele- 
ment led to the additional diagnosis of mitral steno- 
sis which was incorrect. A second group comprised 3 
patients with congenital cardiovascular anomalies 
who were all thought to have associated rheumatic 
mitral stenosis because of the presence of an apical 
diastolie murmur with the so-called presystolic cres- 
cendo quality. A third group of two patients were 
considered to have normal hearts. 

BELLET 


Scherf, D., and Brooks, A. M.: The Murmurs of 
Cardiac Aneurysm. Am. J. M. Se. 218: 389 (Oct.), 
1949. 

In 3 cases of cardiac aneurysm due to myocardial 
infarction, a diastolic murmur was registered over 
the aneurysm with the stethogram. This murmur 
was high-pitched, gushing and soft. It resembled 
the murmur heard in aortic regurgitation, but it was 
present throughout diastole and its intensity in- 
creised in presystole. It is believed that passage of 
blood into the orifice of the aneurysm, which often 
is narrower than the largest diameter of the sac, 
causes the murmur. It is difficult to understand, 
however, why the murmur is louder at the end of 
diastole; 


DuRANT 


Luisada, A. A., and Alimurung, N. M.: The Systolic 
Gallop Rhythm. Acta Cardiol. 4: 309 (Fase. ITT), 
1949, 

‘wenty-four cases of systolic gallop rhythm were 
stu ied from elinieal and phonocardiographiec points 
of view. Age, sex, frequency in relationship to other 
tyes of gallop, and symptoms of the patients are 
reported by the authors. 


The systolic gallop may be classified into two 
types, the basal and the apical or midprecordial. The 
basal type is early systolic and associated with func- 
tional disturbances or anatomic changes of the large 
arterial vessels. The apical type is midsystolic or late 
systolic, and, at least in a certain number of cases, 
is caused by traction of adhesions. The graphic char- 
acteristics of these two types of systolic gallops are 
given. These aid in avoiding misinterpretation of 
the auscultated snap, an error which occurred in 
one-third of the cases in the present series. The 
association of the systolic apical gallop with palpi- 
tation, extrasystoles, and brief, stabbing precordial 
pain is pointed out by the authors and the sig- 
nificance of these symptoms is discussed. 

LUISADA 


PHYSIOLOGY 


Heim de Balsac, R.: The Normal Movement of the 
Left Ventricle. Rev. argent. de cardiol. 16: 207 
(July—Aug.), 1949. 

The normal tracings of the left ventricular move- 
ment were studied by means of roentgenkymo- 
graphy. In the anteroposterior position, 96 per cent 
of the normal subjects show, at the level of the left 
ventricle (left border of the heart), characteristic 
large displacements with rectilineal systolic retrac- 
tion. Either curved (common type) or almost recti- 
lineal (rare type) diastolic expansion may be ob- 
served, and secondary waves may be superimposed on 
this main pattern. Forceful inspiration may greatly 
diminish the amplitude of these pulsations both in 
the anteroposterior and right anterior oblique posi- 
tions, but it causes little change in the left anterior 
oblique and transverse positions. This factor should 
be taken into account in order to avoid erroneous in- 
terpretations. Findings similar to those of the an- 
teroposterior position are obtained in the oblique 
positions. The pulsations appear weaker when the 
left anterior region of the ventricle is examined (right. 
anterior oblique) ‘and larger when the postero-inferior 
region is visualized (left anterior oblique and left, 
transverse positions). 

LUISADA 


Hamilton, H. F. H.: The Cardiac Output in Normal 
Pregnancy. As Determined by the Cournand Right 
Heart Catheterization Technique. J. Obst. & 
Gynee. Brit. Emp. 56: 548 (Aug.), 1949. 

Using the heart catheterization technie of Cour- 
nand, the author determined the cardiac output in 
24 nonpregnant women and in 68 normal pregnant 
women. In the selection of the patients for this 
study, all were excluded who did not appear to have 
a normal cardiovascular system. Patients with a 
blood pressure over 140/80 and those with a hemo- 
globin below 60 per cent were excluded. All patients 
in the study were clinically and radiologically free 
from pulmonary disease. 
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In the nonpregnant women the mean cardiac out- 
put was found to be 4.51 + 0.38 liters per minute. 
In pregnant women, cardiac output was found to 
rise during the tenth to thirteenth week of 
pregnancy, reaching an average maximum of 
approximately 5.73 liters per minute during the 
twenty-sixth to the twenty-ninth week, an increase 
of 27 per cent above the nonpregnant level. There 
was a return to almost normal levels during the thir- 
tieth-eighth and fortieth week. The return of cardiac 
output to normal levels before the onset of labor is 
of clinical interest since the work of the heart has 
thus decreased during the last weeks of pregnancy 
and it is under optimal conditions by term, with ob- 
vious benefit to the patient with a diseased heart. 

SCHWARTZ 


Palmer, A. J., and Walker, A. H. C.: The Maternal 
Circulation in Normal Pregnancy. J. Obst. & 
Gynee: Brit. Emp. 56: 537 (Aug.), 1949. 

The authors investigated the changes in the mater- 
nal circulation during pregnancy and the puerperium 
in 88 normal women by means of cardiac catheteriza- 
tion. Similar studies were carried out on 8 nonpreg- 
nant women who served as controls. The mean car- 
diac output of all the pregnant subjects was 5.8 liters 
per minute, and 4.6 liters per minute for the non- 
pregnant control series. The means for the successive 
months of pregnancy, beginning with the third 
month, showed no real deviation from the grand 
mean of 5.8 liters per minute except at the seventh 
month. A fall in mean cardiac output and a rise in 
mean arteriovenous oxygen difference was noted 
temporarily in the seventh month, findings which 
the authors suggest were probably due to the effect 
of posture. 

It is concluded that both laboratory and clinical 
studies show that the response of the maternal cir- 
culation to the presence of a fetus begins very early 
in pregnancy and persists until the eighth month. 
There is a return towards normal in the last month 
or two. During the first eight months the placenta 
resembles an arterio-venous shunt. In the last two 
months, however, the resemblance is definitely less 
marked. This may be due to a rapid increase in fetal 
growth rate at that time, with a concomitant 
increase in oxygen utilization per cc. of blood by the 
fetus. This concept of the placenta acting first as an 
arterio-venous shunt and later more like a blood de- 
pot as regards its effects on the maternal circulation 
is a possible explanation of the mechanical factors 
involved. The endocrine changes of pregnancy must 
play a considerable part in initiating these modifica- 
tions. 

SCHWARTZ 


Davis, J. O., and Shock, N. W.: The Effect of Body 
Position and Reference Level on the Determina- 
tion of Venous and Right Auricular Pressure. 
Am. J. M. Se. 218: 281 (Sept.), 1949. 


The experiments performed in this investigatioy, 
demonstrate an increase in antecubital venous pre: 
sure with a change in body position from a supine 
to an erect posture. The phlebostatic axis of Winscr 
and Burch was used as a reference level. Equivale: 
results were obtained using either the phlebomano: 
eter of Burch and Sodeman or the saline manomet 
of Moritz and von Tabora. 

No conelusion can be drawn from the availal 
data as to the mechanism for the observed increa:e. 
It is suggested that the high venous pressure in 
sitting positions is not the result of the pressure of 
surrounding structures on the proximal veins. 
Failure of the venous pressure to rise with the «s- 
sumption of the sitting position in some patieiits 
precludes the establishment of normal standards in 
various sitting positions. The right auricular pres- 
sure decreased in each of 2 subjects with a change 
from the supine to a 45 degree sitting position. 
It is suggested that this fall in intracardiac pressure 
is the result of a shift in blood from superior to 
inferior parts of the body by gravity. 

DuRAN! 


Fetcher, E. S., Hall, J. F., Jr., and Shaub, H. G.: 
The Skin Temperature of an Extremity as a Meas- 
ure of its Blood Flow. Science 110: 422 (Oct. 21), 
1949. 

In an investigation of the value of skin tempera- 
ture as a measure of blood flow, it was found that at 
room temperature the surface temperature of a 
finger bore no relation to changes in blood flow. At 
25 C., no significant difference was noted. However, 
at a room temperature of 7 C., there was a close 
parallel between the two measurements. 

The authors conclude, that when skin tempera- 
tures are used to measure blood flow, the area under 
investigation must lose heat at a rate of over 240 
Kg.-eal. /hr/m?. 

WaAIFE 


Hesse, H., and Minkus, R.: AnIntrathoracic Study of 
the Movements of the Heart ina Self Experiment. 
Ztschr. f. Kreislaufforsch. 38: 613, (Oct.), 1949. 
In order to study the systolie movements of the 

ventricles, anteroposterior and lateral x-ray chest 

films were taken on one of the authors with a pair 
of needles introduced into his heart through the 
third and fourth intercostal space in the left para- 
sternal line. The analysis of the shadows which were 
produced by the systolic movements of the needles 
revealed a first motion in median direction followed 
by a second sagittal movement in a cephalad dire:- 
tion. A slight delay of the latter movement (shown 
by the needle in the higher position) indicated that 
the ventricular contraction wave progresses fro. 
the apex towards the basis. These movements ¢o':- 
tribute to the configuration of the average ventric:'- 
lar kymogram, 

Pick 
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-ymann, W., and Salehar, M.: Blood Pressure in 
the Rat. Proc. Soc. Exper. Biol. & Med. 72: 191 
Oct.), 1949. 
in unanesthetized, untreated rats kept on Friskies 
| water, the blood pressure was measured with 
- foot method. Readings obtained about one min- 
apart in the same animal rarely differed more 
n plus or minus 3 mm Hg. The systolic blood 
ssure increased with age in the growing rat. 
‘hin the first two months, up to a weight of 150 
is, the pressure increased rapidly. A slower, but 
vressive rise in pressure was found in rats weigh- 
200 to 350 grams. 
MINtTz 


Stotz, E.: Solubilization and Separation of Compo- 
nents of the Heart Muscle Oxidase System. 
Science 110: 442 (Oct. 28), 1949. 
lleart muscle contains relatively large amounts 

of cytochrome oxidase, cytochromes A, B and C and 

succinie dehydrogenase. In the past only cytochrome 

C, because of its stability towards acid, has been 

satisfactorily characterized. 

'rom heart muscle subjected to digestion by sev- 
eral types of enzymes, relatively purified cytochrome 
oxidase was prepared. Furthermore, preparations of 
soluble cytochrome A with very low cytochrome oxi- 
dase activity were made. In addition, a concentrated 
soluble suecinie dehydrogenase was obtained. Fur- 
ther purification and separation of these components 
of oxidative metabolism is likely to be obtained with 
the soluble forms. 

WaAIFE 


ROENTGENOLOGY 


Grishman, A., Poppel, M. H., Simpson, R. S., and 
Sussman, M. L.: The Roentgenographic and An- 
giocardiographic Aspect of (1) Aberrant Insertion 
of Pulmonary Veins Associated with Interatrial 
Septal Defect and (2) Congenital Arteriovenous 
Aneurysm of the Lung. Am. J. Roentgenol. 62: 
500 (Oct.), 1949. 

The authors describe three instances of the inser- 
tion of right pulmonary veins into the inferior vena 
cava and describe the appearance in conventional 
roentgenography. Following angiocardiography, 
each of these was demonstrated to be associated with 
an interatrial septal defect. On cardiac catheteriza- 
tion there was a higher oxygen concentration in the 
inferior than in the superior vena cava. The associa- 
tion of aberrant insertion of pulmonary veins with 
inte:atrial septal defect was compatible with long 
life. The septal defect usually was high above the 
foss:: ovalis. 

Tie authors also describe three instances of pul- 
molury arteriovenous aneurysm. The diagnosis was 
coniirmed by angiocardiography. They stress the 
fre\uent occurrence of aberrant and accessory pul- 
moi :iry arteries and veins. 

SCHWEDEL 


SURGERY IN HEART AND VASCULAR 
SYSTEM 


Beck, C. S.: Revascularization of the Heart. Surgery 

26: 82 (July), 1949. 

In an attempt to increase the total blood supply 
to the heart, the author performed various types of 
anastomoses in dogs. In one the purpose was to de- 
liver arterial blood to the coronary sinus, either by 
anastomosis between the common carotid artery and 
the coronary sinus or by a free graft of vein between 
aorta and coronary sinus. It was found that the 
amount of blood delivered to the coronary sinus by 
the common carotid could be tolerated, while with 
the jugular vein graft off the aorta, the amount of 
blood reaching the heart was so great that almost in- 
variably the animal went into congestive heart fail- 
ure and died. However, when the jugular vein was 
constricted so that its lumen was approximately the 
size of the carotid artery, this did not occur. The 
possibility of the application of such procedures to 
patients with coronary artery disease is discussed. 

ABRAMSON 


Freeman, N. E., Leeds, F. H., and Gardner, R. E.: 
A Technique for Division and Suture of the Patent 
Ductus Arteriosus in the Older Age Group. Sur- 
gery 26: 103 (July), 1949. 

In an attempt to maintain the circulation through 
the aorta while dividing a patent ductus arteriosus, 
the authors utilized a modification of the Potts- 
Smith clamp. First a pericardiotomy was performed 
so that the left pulmonary artery could be occluded 
with digital pressure, and then the clamp was placed 
around the aorta so as to isolate the aortic region of 
the ductus. A ligature on the pulmonary end of the 
ligamentum arteriosum was tied and the latter was 
divided, followed by excision of the ligamentum with 
a small portion of the aortic wall. The opening in the 
aorta was closed and the clamp was removed. 

ABRAMSON 


Charlier, R.: A Case of Tetralogy of Fallot. Contrain- 
dication for Operation based on Pathophysiologic 
Studies. Acta. Clin. Belg. 4: 280 (July—Aug.), 
1949. 

In a case of tetralogy of Fallot information ob- 
tained by catheterization of the right heart, deter- 
mination of the oxygen saturation in the periphery, 
and Bing’s exercise test revealed a right to left shunt 
of only minor degree and moderate reduction in the 
blood flow through the pulmonary artery. Therefore, 
an operation did not seem indicated. The author em- 
phasizes the necessity of such studies in order to 
avoid unnecessary operations. 


Pick 


Miller, B. J., Gibbon, J. H., Jr., and Allbritten, F. F., 
Jr.: Blood Volume and Extracellular Fluid 
Changes During Thoracic Operations J. Thoracic 
Surg. 18: 605 (Oct.), 1949. 
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The authors discuss various observations made on 
measurements of the amount of blood lost during 
operations and its replacement. The blood loss eom- 
puted by the dye method is believed to be more in- 
dicative of the actual blood loss than when computed 
by the sponge weight method, since small quantities 
of blood may escape detection by the latter method. 

The fluid available for the dilution of sodium thio- 
cyanate, hereafter referred to as the extracellular 
fluid, was determined both preoperatively and post 
operatively as ferric thiocyanate. In a series of 57 
patients, blood volume was measured by the dye 
method before, and immediately following, a major 
thoracic operation. Blood volume was ealculated 
from the plasma volume and the hematocrit. The 
extracellular fluid volume was measured with sodium 
thiocyanate both preoperatively and postoperatively 
in 33 patients in this series. Blood loss during opera- 
tion was measured by the sponge weight method in 
27 instances. The blood lost during operation was 
more accurately replaced by transfusion when the 
sponge weight method was used. At present this is 
the only method which gives a continuous record of 
the blood lost during the course of an operation, and 
hence, permits simultaneous accurate replacement 
by blood transfusions. Significant losses of extracellu- 
lar fluid usually occurred during long operations. 

Breck 


Lam, C. R.: The Choice of the Side for Approach in 
Operations for Pulmonary Stenosis. J. Thoracic 
Surg. 18: 661 (Oct.), 1949. 

The author reports the results of fifty operations 
for pulmonary stenosis or atresia. Thirty-one Blalock 
and fifteen Potts operations were carried out. In 4 
eases, no shunt was completed. Reports of 2 of these 
cases are presented, as well as reports of 2 other cases 
which presented marked technical difficulty. The 
anatomic peculiarities and technical difficulties 
present in a right subclavian-pulmonary anastomosis 
are discussed and compared with the advantages of 
anastomosis on the left side. If the danger of com- 
promising the free flow of blood through the shunt is 
considerable, then this one disadvantage in using the 
left approach outweighs all the advantages. How- 
ever, some evidence is presented which makes this 
danger more theoretic than real. In order to choose 
freely between the Blalock or Potts procedures after 
the chest is opened, one should enter the chest an- 
teriorly. As a result of the experience in these fifty 
operations, the following simple rule was adopted for 
choosing the side for operative approach in the in- 
dividual case: The incision is made on the side of the 
apex of the heart, regardless of the position of the 
aortic arch or the age of the patient. 

BrEcK 


Ruprecht, A. L., and Adelman, A.: Unsuspected 
Trauma to the Heart During Intrathoracic Sur- 


gery. New England J. Med. 241: 637 (Oct. 27), 

1949. 

The authors present 2 cases of inadvertent dam: ge 
to the heart during surgical procedures on ot jer 
thoracic viscera. A total gastrectomy was perfornied 
through a thoracoabdominal incision on a 
vear old man. During the retraction of the | 
phragm, there was an abrupt onset of tachyea 
the heart rate rising from 80 to 120 per minute. 
cept for this transient disturbance, the patie 
operative course was uneventful. Within four hy 
he developed signs of circulatory collaps:. Sh 
supervened and death occurred fifty-three lh 
after operation. At autopsy the pericardial sac 
distended by several hundred cubic centimeter: 
partially clotted blood. The site of hemorrhage 
was an injured coronary vein on the anterior aspect 
of the left ventricle. The heart was probably injured 
during anastomosis of the esophagus and jejunum. 

A left pneumonectomy was performed on a 44 
year old man. About five minutes after adjusting the 
intrapleural pressure, respirations and heart heat 
suddenly ceased. At autopsy the right auricle and 
ventricle were found to be dilated and engorged with 
blood. Over the anterolateral aspect of the left ven 
tricle, the subepicardial fat was hemorrhagic. The 
underlying muscle was discolored, purplish red and 
was softer than elsewhere, this lesion involving from 
the outer fifth to half of the ventricular wall and 
extending from the auriculoventricular groove to 
within 4+ em. of the cardiac apex. Although myocar- 
dial injury was suggested by the tachycardia, this 
sign of muscle damage was not appreciated. Asystole 
and ventricular fibrillation have been observed after 
experimental contusion of the heart, and it is likely 
that one of these disturbances was responsible for the 
patient’s death. 

The heart may not be bruised frequently during 
operations in the thorax, but an important factor in 
the recognition of cardiac insult is an awareness of 
the possibility. A diagnosis of cardiae injury should 
be suspected in any patient who maintains an unex- 
plained tachycardia after an intrathoracic operation 
or in whom an arrhythmia or pericardial friction rub 
develops. If electrocardiograms are taken before and 
after operation better evidence of cardiae injury may 
be available. 

BELLE! 


Dodrill, F. D.: A Method for Exposure of the Cardiac 
Septa. An Experimental Study. J. Thoracic Surg., 
18: 652 (Oct.), 1949. 

An instrument is described by which the right side 
of the heart, either the right atrium or the right ven- 
tricle, may be opened and the septum exposed ‘or 
varying lengths of time. The length of time whch 
the heart will withstand the clamp in place varies 
considerably. The instrument makes it possible to 
expose an area of the septum 2 to 2.5 em. in dia‘n- 
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etc. Various technical procedures can be carried 
ou! on the septa under direct vision. The incision in 
th: right side of the heart is then closed. About 50 
suh operations have been performed on dogs. Al- 
though the mortality rate at first was approximately 
50 per cent, it is now possible to expose either the 
int-ratrial or interventricular septum with only an 
occasional death of the animal. This is particularly 
tric in dealing with the interatrial septum since the 
instrument may be released at any time. 
Breck 


Gius, J. A.: Some Observations on Vascular Ad- 
justments following Interruption of Major Ve- 
nous Channels. West. J. Surg. 57: 453 (Oct.), 1949. 
The author calls attention to the fact that the 

venous system has a great capacity to adjust to sud- 

den occlusion of its major trunks. Whether or not the 
compensatory mechanisms will be adequate is de- 
pendent upon such factors as the calibre and level 
of the vein occluded, the efficiency of the anas- 
tomoses and collateral vessels, the degree of existing 
vasospasm, the previous presence or absence of 
pathologic changes in the distal veins, the demands 
placed on the venous circulation locally by physio- 
logic activity, and the effect of hydrostatic forces. 

In the event that edema does occur, uniform com- 

pression and elevation of the extremity can be uti- 

lized to aid tissue fluid absorption. Even in the 
absence of antecedent disease of the vein wall, in- 
terruption of a major venous channel, such as the in- 
ferior vena cava, may precipitate acute thrombosis 
of the distal circulation as a result of the sudden stag- 
nation. In order to prevent this, it is necessary to 
utilize anticoagulant therapy, elevation of the ex- 
tremity and means to counteract vasospasm. 

ABRAMSON 


Burdette, W. J.: Removal of the Auricular Append- 
age in the Dog. Surg., Gynec. & Obst. 89: 623 
(Nov.), 1949. 

Both auricular appendages were removed in 16 
dogs in an attempt to elucidate the practicability of 
such a procedure in the prevention of emboli arising 
in this location in man. Although arrhythmia in- 
variibly occurred when the auricular appendage was 
first grasped and later when the base was being su- 
ture, the changes were only transitory and were no 
longer present by the time the operation was com- 
pleted. All of the animals survived the removal of 
one appendage, while one died shortly after the 
second operation. When both appendages were re- 
moved in one stage the mortality was much greater. 
No «ieleterious effects were noted following the oper- 
ation, As a result, the author suggests that a similar 
typ: of procedure might have therapeutic possibili- 
ties in man, , 

ABRAMSON 


THROMBOEMBOLIC PHENOMENA 


Homans, J.: The Management of Recovery from 
Venous Thrombosis in the Lower Limbs. Surgery 
26:8 (July), 1949. 

The author attempted to evaluate the procedure 
utilized during the recovery period from venous 
thrombosis of the lower extremities. His report is 
based upon a study of 55 patients with phlebothrom- 
bosis in whom conservative measures, vein ligation or 
anticoagulant therapy had been used during the 
acute phase of the condition. For the 30 cases treated 
with interruption of the superficial vein, the post- 
operative management consisted of rest in a bed 
elevated 4 inches at the foot for approximately a 
week, during which all evidence of thrombosis gen- 
erally disappeared. Under such a regimen the author 
noted excellent results in 21 patients, slight residual 
edema in 5, while in 2, previously existing varicose 
veins recurred and progressed. The remaining 2 cases 
could not be traced. From the results, it was con- 
cluded that superficial vein interruption for throm- 
bosis confined to the leg is not very harmful to the 
venous return. 

In the case of unilateral interruption of the com- 
mon femorial vein an immediate postoperative 
thrombotic reaction, marked by swelling and lame- 
ness in the calf, was much more common. Later, 
edema and venous congestion were not infrequently 
noted. However, a carefully controlled convales- 
cence appeared to be of value in minimizing these 
complications. 

Ten patients were treated by anticoagulant ther- 
apy. Of the 3 in whom there was high femoral vein 
involvement, physiotherapy in the convalescent pe- 
riod produced especially good results. 

The author concludes that during convalescence 
from a deep venous thrombosis, the consistent use 
of gravity drainage, graded exercises, bandaging 
and the proper balance between dependency and 
elevation is of advantage in the establishment of 
a permanently efficient collateral venous return 
from the lower limbs. The initial treatment of the 
condition by anticoagulants with preservation of the 
common femoral pathway appears to result in fewer 
complications than are observed after surgical inter- 
ruption of the common femoral vein. Superficial 
femoral vein section, although a relatively harmless 
interruption, offers insecure protection against em- 
bolism unless supported by anticoagulant therapy. 
Since the venous connections between the deep and 
superficial femoral veins are numberous, ligation of 
the latter will result in little interference with 
venous return, provided the common femoral vein 
is Open. 

ABRAMSON 
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Arterial Hypertension. David Ayman, M.D. New 
York, Oxford University Press, 1948. 94 pages, 
9 charts. $2.50. 

This work is reprinted from Oxford Loose-Leaf 
Medicine. In 86 pages, the etiology, pathology, 
symptoms, signs, differential diagnosis and treat- 
ment of hypertension are surveyed. 

Ayman does not believe that experimental renal 
hypertension has any similarity to essential hyper- 
tension, and therefore feels that any consideration 
of it is beside the point. He stoutly maintains that 
essential hypertension is an hereditary disease, the 
mechanism of which is wholly unknown. This view- 
point is one which, for a variety of reasons, is not 
completely satisfying. It is, however, proper to 
emphasize that no proof has been offered that the 
sole cause of essential hypertension is renal. 

Especially to be commended is the stress put on 
the need for adequate control periods in evaluation 
of experimental treatment. The author was largely 
responsible for the interesting study of blood pres- 
sure taken by patients themselves in the home, 
demonstrating that the average blood pressure level 
under this circumstance is usually well below the 
level found in the physician’s office. He is also identi- 
fied with a remarkable demonstration of the “effec- 
tiveness” of placebos. A third facet of especial 
interest is identification of the symptomology of ar- 
terial hypertension with that of psychoneurosis. 
This accounts for the fact that symptoms are im- 
proved or cured by such a variety of “treatments,” 
several hundred of which have been suggested or 
practiced in the past fifty years. 

This book is weleomed as a substantial addition 
to the literature on hypertension for the more than 
usually discerning and industrious physician, and is 
heartily recommended. 

IRVINE H. Pace 
ARTHUR C, CorcoRAN 


Corazon Pulmonar e Insufiencia Coronaria. Juan 
Govea, M.D. Havana, Cuba, M. V. Fresneda, 
1948. 178 pages, 70 figures. 

In spite of its title, which would lead one to think 
of cor pulmonale as being its principal subject, this 
monograph is almost entirely devoted to the study 
of the coronary arteries and the consequences of 
their occlusion. A major part of the book is devoted 
to fundamentals. Current notions on the anatomy 
and physiology of the coronary circulation are re- 
viewed; the theory and practice of precordial elec- 
trocardiography are analyzed in some detail, 





especially with reference to their role in analyzi). 
cardiac infaretion; a chapter is devoted to radiolo: 
of the heart. One chapter is devoted to “Ayerza’s 
disease”’ and the rest of the book deals with person 
concepts on different types of coronary ij 
sufficiency. 

The topies are dealt with in an incomplete ma 
ner, most of the interpretations being too personal. 
The language is often vague. Illustrations are poo: 

Oscar OrIAs 


Las Arritmias en Clinica. Antonio Battro, M./) 
Buenos Aires, El Ateneo, 1948. 511 pages, 299 
figures. 

This well organized and well written book ap 
peared only a few months before the regrettable 
death of the author, an outstanding Argentine cardi 
ologist. The first part of the book is devoted to the 
anatomy and physiology of the heart and to the 
graphic methods of recording its activity. Among 
the latter, electrocardiography has received par- 
ticular attention. This pertinent chapter includes the 
discussion of the standard limb leads, precordial 
leads, monopolar limb leads, and endocardiac po- 
tentials in man, the last mentioned being a field in 
which the author himself was a pioneer. The rest of 
the book (about two-thirds) is devoted to a sys- 
tematic presentation of the different arrhythmias, 
including their etiologic factors, diagnosis, prog- 
nosis and treatment. Controversial matters are fairly 
presented with due consideration of all viewpoints. 

The book is well printed and the figures—the 
great majority being original reeords—portray two 
or more manifestations of the cardiac activity clearly 
and adequately. It can be highly commended as use- 
ful to all students in this field. 

Oscar ORIAS 


Arterial Hypertension. A Follow-up Study of One 
Thousand Hypertonics. Poul Bechgaard. Copen- 
hagen, Denmark, Arnold Buseck, Nyt Nordisk 
Forlag, 1946. 358 pages, 23 figures. 

This book gives a rather complete review of | 
pertension and renal disease. Etiology is discusse«! 
in terms of obesity, heredity, renal diseases, anc 
other factors. There is no attempt to review tlie 
literature of experimental medicine as regards tliis 
subject. One thousand patients have been carefully 
investigated. The morbidity and mortality in the-e 
cases are examined and carefully correlated with 
other existing conditions, such as syphilis, renal 
disease, retinopathy, and diabetes mellitus. The e 
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i; no discussion of therapeutic methods or their in- 
flience upon the problem. This book should be most 
u-eful to those interested in the natural unaltered 
course of hypertension regardless of cause. It should 
provide a background or measuring stick in evaluat- 
ing present day therapeutic efforts. 

JosEPH A. WAGNER 


Clinical Auscultation of the Heart. Samuel A. 
Levine, M.D., and W. Proctor Harvey, M.D. Phila- 
delphia, W. B. Saunders Company, 1949. 327 
pages, 286 figures. 

This work is an excellent correlation of the clini- 
cal recognition of heart sounds and murmurs and 
plonocardiograms. As the title implies, the book is 
essentially clinical. There is little of physiologic 
interpretation. There is no discussion of the physical 
characteristics of the recording apparatus. The book 
is clearly written and the illustrations are good and 
are well chosen. This book will aid the student and 
physician in understanding the sound vibrations 
that are heard. The monograph is recommended for 
clinical use. 

Haro.p Fri. 


The 1949 Year Book cf Medicine. Part IV. The 
Heart and Blood Vessels. Tinsley R. Harrison, 
M.D., Ed. Chicago, The Year Book Publishers, 
1949. 831 pages, 139 figures. $5.00 
The caliber of the 1949 Year Book of Medicine is 

every bit as good as that of past editions. The ex- 

tracted articles in the chapter on the heart and 
blood vessels have been well selected from the 
literature of the preceding year by the Editor. His 
short preface to each subdivision of the chapter 
provides the reader with a useful introduction to the 
subject. As in the past, this volume is excellent for 
those who have not the time or the facilities to keep 
abreast of the tremendous number of publications 
which appear in medical journals. 

Tuomas W. CLarK 


Unipolar Lead Electrocardiography, ed. 2. Emanuel 
(oldberger, M.D. Philadelphia, Lea & Febiger, 
49. 392 pages, 221 illustrations. $7.50. 
his book is an enlarged and revised version of 

the author’s previous work, but contains, in addi- 

tion, a section relating to the use of the electrocar- 
diogram in the cardiae arrhythmias. 

\fter a brief but fairly adequate discussion of ap- 
paritus, basie electrical concepts and methods for 
taking unipolar electrocardiograms, in the first three 
chs pters, five basie patterns of the ventricular com- 
pic. that may be expected in unipolar electrocardio- 
gicms taken on subjects with normal hearts are de- 
sc bed. With these patterns in mind, the author 
bilds a rather elaborate group of criteria based on 
tl form of the ventricular complex in precordial 
a unipolar extremity leads by means of which 


rotation of the normal heart about the three possible 
axes can be identified. Although there may be much 
truth in these concepts, their validity can also be 
questioned. Many cardiologists, including the re- 
viewer, feel that caution must be observed in the 
interpretation of the ventricular complex in unipolar 
precordial or extremity leads when the voltage in 
either is small or when the former are taken from 
points located at a considerable distance from the 
heart. Tracings taken from points over the precor- 
dium close to the heart in all probability reflect the 
potential variations at the surface of the underlying 
ventricle, but this may not be true in tracings ob- 
tained from sites on the chest remote from the heart 
or in the unipolar extremity leads. 

The discussions of right and left ventricular 
hypertrophy and bundle branch block are, in gen- 
eral, satisfactory, and those of myocardial infarction, 
effects of changes in electrolytes and the arrhythmias 
are good. An extensive list of references is provided. 

The material in the book is not well organized, 
and in many places one gets the impression that it 
was written hurriedly and without the care that is 
necessary to convey exact meanings to the reader. 
The author gives the impression that he is not very 
critical of his own efforts, and some of the electro- 
sardiograms presented are poor or completely in- 
accurate examples of the thing they are supposed to 
illustrate. For example, Figure 54 is labelled ‘Addi- 
tional Electrocardiograms of Normal Vertical 
Hearts,” but the tracings presented under ‘‘b” in 
this figure do not illustrate this situation, and the 
tracings labelled ‘ec’? and ‘‘d’”? may be abnormal 
because of QRS deflections of large voltage. 

Throughout the book, the author gives the im- 
pression that unipolar extremity leads have much 
greater advantages over the conventional standard 
leads than is actually the case. One must remember 
that many of the criteria for normality (or abnor- 
mality) of electrocardiograms have been gained by 
study of the standard leads and correlations between 
them and patients,gained over a long period of time. 
Unipolar extremity leads do not, in the opinion of 
the reviewer, often add information not also pres- 
ent in the standard leads. The former are occasion- 
ally helpful in the interpretation of changes oc- 
curring in the latter, and the unipolar extremity 
tracings serve to relate findings in standard to 
those encountered in precordial curves. 

The reviewer wishes, however, to commend the 
author on most of the opinions expressed in Appen- 
dix I under the heading ‘‘Some Electrocardiographie 
Observations.” Items 1, 2 and 23 are particularly 
important and indicate an appreciation of the place 
the electrocardiogram should occupy in the field of 
‘ardiac diagnosis. 

F. D. JOHNSTON 


Arterial Hypertension. Its Diagnosis and Treat- 
ment, ed. 2. Irvine H. Page and Arthur C. Cor- 
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coran. Chicago, The Yearbook Publishers, 1949. 

400 pages, 19 figures. $5.75. 

There was no need for the complete rewriting of 
such a good book, and this has not been done; but 
portions on which new knowledge has appeared 
during the past five years since the publication of 
the first edition have been entirely rewritten or 
corrected. A valuable new chapter has been inserted 
on the nature, diagnosis and treatment of hyper- 
tension due to known or attributable causes. The 
section on the renal aspect of hypertension has been 
modified and now includes the discussion of hyper- 
tension on the basis of unilateral renal disease and 
its treatment by nephrectomy. Dieto-therapy is 
treated independently, instead of being distributed 
throughout the book. The subject of low sodium 
and so-called rice diet treatment is handled with 
fairness, and detailed instructions as well as warn- 
ings about the use of these methods are included. 
The value of vitamin FE and of rutin are discussed. 
Recent experiences of the authors with the treat- 
ment of malignant hypertension by means of pyro- 
genic substances are given in some detail as a sepa- 
rate chapter. There is a valuable appendix which 
gives methods and procedures used in the diagnosis 
of hypertension as well as detailed information 
about the low sodium diet. An excellent book has 
been brought up-to-date. 

Harry Goupsiarr, M.D. 


Physiology in Diseases of the Heart and Lungs. 
Mark D. Altschule, M.D. Cambridge, Mass., Har- 
vard University Press, 1949. 363 pages. $5.00. 
This valuable book differs widely from anything 

else in the field. It is essentially a most elaborate 

review of the literature, very thoroughly docu- 
mented. Indeed the references, many appearing 
several times because they are cited in more than 
one chapter, take up about one-third of the book. 

For any one wishing to investigate the literature 

in this field this book will be the ideal starting place 

and it will undoubtedly be found on the shelf of 
every active investigator interested in the physi- 
ology of cardiovascular disease. 

The book suffers from the faults inherent in most 
comprehensive review articles. The style is extra- 
ordinarily compressed, and, repeatedly cut up by 
brackets containing authors names; the book is 
very hard to read. Those looking for new and simple 
conceptions to unify and make understandable the 
welter of data will be disappointed, for the author 
has no new contribution to make. Indeed, he is 
still engaged in defending the idea that an abnor- 
mal relation between cardiac output and metab- 
olism is a chief factor in the genesis of congestive 
failure; whereas the reviewer believes that this 
idea, which formed the theoretic basis for the opera- 
tion of total thyroidectomy, has been tested and 
found wanting by the failure of that operation to 


help most patients, with its consequent abandon- 
ment by most clinics. 

The author also has a tendency to dismiss resu!ts 
which diverge from his expectations by a wave of 
the hand, whereas one inclined to a contrary view 
would have the right to ask whether the evidence 
for reliability, so scanty in many methods applica! le 
to the sick, was not every bit as good as in those 
methods yielding results in which the author |ias 
full confidence. 

But certainly no one could cover this field in a 
way which would please everybody, and this is a 
sign that it is in a healthy state and rapidly grovw- 
ing. Indeed the book gives convincing evidence of 
the energy and vigor of the physiologic schoo! of 
thought now so important in clinical medicine in 
the United States. For its viewpoint, concerned 
with cardiac output, cardiac work, respiratory «y- 
namies, metabolic changes and the like, will be of 
far greater service in meeting the needs of our 
patients than the description of diseased condi- 
tions, of physical signs, and the concern for patho- 
logie diagnosis which has been the burden of so 
many books on cardiae and pulmonary disease in 
the past. 

Isaac STARR 


Electrocardiographic Technique. A Manual for Phy- 
sicians, Nurses and Technicians. Kurt Schnitzer, 
R.T., M.D. New York, Grune and Stratton, 
1949. 96 pages, 46 figures. $3.50. 

This manual represents a brief introduction into 
the technical problems of electrocardiography, illus- 
trated both diagrammatically and with photographs. 
One-third of the text is devoted to the manner of 
lead selection, the remainder to a discussion of the 
principles of an electrocardiograph, the preparation 
of the patient and to some of the problems of diag- 
nosis and cure of external interferences. Six pages 
are devoted to general remarks on special proce- 
dures (esophageal and endocardial leads, anoxemia 
test and fetal electrocardiography). The book is 
elementary and, not intended as a technical guide 
to the many day by day problems of a cardiographic 
laboratory, still provides a sound basis for the 
technician. 


Hans H. Hecu 


Rhumatisme Articulaire Aigu (Maladie de Bouil- 
laud). R. Lutembacher, M.D. Paris, France, M:s- 
son & Cie, 1947. 438 pages. 

This monograph is a systematic treatise on rheu- 
matic fever. The history of the development of our 
knowledge of this disease and its clinical and pat!.o- 
logic manifestations are treated with thoroughness 
characteristic of the best French clinicians. ‘I he 
pathologic involvement of the tissues of the boy 
is illustrated by many photographs, and pulmon:ry 
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loca''zation of the rheumatic infection, especially 
in children, receives much prominence. Chapters 
are ievoted to pathologic lesions in the liver, pan- 
erea:, kidneys and nervous system. The author’s 
insistence that myocarditis is crucial in the problem 
of rheumatic fever is well supported by case his- 
tories and will be endorsed warmly by American 
clinicians and investigators. 

Much discussion is devoted to the author’s 
methods of treatment which he has followed since 
1921. The emphasis is on the use of salicylates, 
Antipyrine and Pyramidon, given by the intrave- 
nous route. His practice of administering salicylates 
over periods of as long as two years is not followed 
by English and American physicians so far as the 
reviewer knows, nor is he aware that other clinicians 
in America have employed these drugs in the intens- 
ity or for the duration that Lutembacher advocates; 
it may be expected, however, that the enthusiasm 


displayed by the author for his systems of treatment 
will be received with much skepticism by physi- 
cians in English-speaking countries. 

The writer reviews the probable factors respon- 
sible for rheumatic fever. He cites evidence that the 
disease has a partial basis in ‘the soil’’ or diathesis 
favorable to its development, reviews the evidence 
for the anaphylactic basis for rheumatic fever and 
recounts the evidence for the role that bacteria 
play in the production of this disease. He admits 
that no one of these furnishes a satisfactory explana- 
tion of rheumatic fever, but does conclude that rheu- 
matic fever is a specific disease entity. 

The reading of this monograph will richly repay 
the student of rheumatic fever since it emphasizes 
its protean manifestations and the multiplicity of 
tissues and organs that are involved in the patho- 
logic processes of the disease. 

ARLE R. BARNES 


AMERICAN HEART ASSOCIATION, INC. 


1775 Broapway, New York 19, N. Y. 


Telephone Plaza 7-2045 


A preliminary schedule of sessions at the 1950 
Annual Meeting of the Association at the Fairmont 
Hotel, San Francisco, includes: 


Thursday, June 22: Scientific Council meeting 
(10 a.m. to Noon). 

Scientific Session  (after- 
noon); topic—Rheumatic 
Fever and Infectious Dis- 
eases. 

Scientific Session (morning); 
topic—Circulation. 

Scientific Session  (after- 
noon); topice—Cardiology. 

Suturday, June 24: Scientific Session (morning); 
miscellaneous topics. 

Assembly meeting 
noon). 

Assembly meeting (morning). 

Luncheon and Board of 
Directors meeting. 


i 


F; iday, Ji une 2S: 


(after- 


S nday, June 25: 


STANDARDS APPROVED FOR 
CARDIOVASCULAR CLINICS 


ltecommended Standards and Minimum 
Rejuirements for a Cardiovascular Clinie’”’ is 


the title of a pamphlet just issued by the Asso- 
ciation and available gratis. Prepared by the 
Committee on Cardiovascular Clinics, the re- 
port has been approved by the Board of Direc- 
tors. 

The Recommended Standards and Minimum 
Requirements are designed to encourage and 
to aid the establishment of cardiovascular 
clinics which will provide the best available 
service to patients, as well as clinical material 
and research facilities for the professional per- 
sonnel, to promote better understanding of 
cardiovascular problems. 

Recognizing that many communities are limi- 
ted in the facilities and services available, the 
minimum requirements, representing the essen- 
tials that must be provided in any community 
if satisfactory clinic service for cardiovascular 
patients is to be provided, are printed in bold 
type throughout the pamphlet. Additional 
recommended standards are printed in light- 
face type. Eligibility for approval by the Asso- 
ciation and procedures to obtain. such approval 
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are presented. Clinic approval, subject to re- 
examination and renewal every two years, will 
be confirmed by a certificate issued by the 
American Heart Association. 

A Standing Committee on Cardiovascular 
Clinics of the Scientific Council, with repre- 
sentatives from the Council, affiliated heart 
associations and the Staff Conference of Heart 
Associations, is being formed and will hold its 
first meeting at the Annual Scientific Sessions 
in June. In addition to overseeing standards 
and certification of cardiovascular clinics, this 
committee will assemble data on personnel, 
equipment, policies and management of the 
clinics so approved. 


ADDITIONAL RESEARCH 
AWARDS ANNOUNCED 


The Board of Directors, on recommendation 
of the Research Committee of the Scientific 
Council, has approved 46 Grants-in-Aid total- 
ling $219,837. These awards, together with 
$49,800 allocated from cooperative research 
funds and $128,497 in previously announced 
allocations for Established Investigators and 
Research Fellows, bring to a total of $398,134 
the funds voted by the Association over the 
past year for research in 1950-51. This total 
allocation represents the complete research al- 
lotments out of funds raised in the 1949 Heart 
Campaign a year ago. 

The 46 awards represent 24 new Grants-in- 
Aid (totalling $116,791), seven Continuing 
Grants-in-Aid ($29,708), seven Grants-in-Aid 
in projects previously supported by the Ameri- 
can Foundation for High Blood Pressure (now 
the Council for High Blood Pressure Research 
of the American Heart Association) ($28,903), 


three grants for Basic Research ($27,530), and . 


five Grants-in-Aid to Established Investigators 
and Research Fellows ($16,905). The awards 
follow: 


Continuing Grants-in-Aid 


Yale University School of Medicine, New Haven, 
Conn., for the study of cardiotropic substances in 
human blood, by William T. Salter. Original grant 
2 years. ($3,616.20) 

The University of Pennsylvania School of Medi- 
cine, Philadelphia, Penn., for the study of cardiac 


output, peripheral resistance, and arterial tempera- 
ture in man as affected by heat and cold, by //. ¢, 
Bazett. Original grant 2 years. ($5,880.00) 

Harold Brunn Institute for Cardiovascular Re- 
search, San Francisco, Calif., for the study of rela- 
tionship of changes in plasma and tissue sodiui to 
the development of “shock” in myocardial inj:re- 
tion, by John J. Sampson. Original grant 3 years, 
($3,360.00) 

The University of Kansas School of Medivine, 
Kansas City, Kansas, for studies of the influence of 
mineral deficient states particularly caleium on the 
heart and blood vessels, by Mary C. Colglezier, 
Original grant 2 years. ($5,250.00) 

Duke Hospital, Durham, N. C., for the study of 
the nature of hypertension association with coarcta- 
tion of aorta, by W. C. Sealy. Original grant 2 years. 
($3,412.50) 

The University of Tennessee College of Medicine, 
Memphis, Tenn., for the development of methods 
for detection of altered pathways of blood flow 
through the kidneys of intact dogs under various 
experimental conditions, by C. Riley Houck. Original 
grant 3 years. ($3,780.00) 

Syracuse University College of Medicine, Syra- 
cuse, N. Y., for the study of nervous and hormonal 
control of intrarenal blood flow, by Otto W. Sartorius. 
Original grant 2 vears. ($4,410.00) 


New Grants-in-Aid 


Western Reserve University School of Medicine; 
Cleveland, Ohio, for the study of the interrelation- 
ship between vascular disease, diabetes, and gluta- 
thione, by Arnold Lazarow. Duration 1 year. 
($4,200.00) 

Institute for Medical Research, Cedars of Lebanon 
Hospital, Los Angeles, Calif., for a study on (a) 
mechanism of proteinuria, (b) the relation between 
adrenal cortex activity and experimental renal hyper- 
tension, (c) the relation between the adrenal gland 
and the pressor and proteinuric effects of renin, by 
Jessie Marmorston. Duration 1 year. ($4,200.00) 

Columbia University, College of Physicians and 
Surgeons, New York, N. Y., for the study of the 
response of the splanchnic circulation to stress in 
normal and hypertensive subjects, by Stanley E. 
Bradley. Duration 1 year. ($4,200.00) 

MeGill University, Faculty of Medicine, \on- 
treal, Canada, for the study of desoxycorticoste:one 
acetate induced hypertension, by Sidney M. Fried- 
man. Duration 1 year. ($2,863.64) 

Long Island College of Medicine, Brooklyn, \_ Y., 
for the study of the structural aspect of tubular 
activity of the nephrons in the metabolism of )ro- 
tein, by Jean Oliver. Duration 1 year. ($2,940.00) 

Harold Brunn Institute for Cardiovascular Re- 
search, San Francisco, Calif., for the study oi the 
metabolism and excretion of cholesterol, by Weyer 
Friedman. Duration 1 year. ($6,300.00) 











Wa-hington University School of Medicine, St. 
Louis, Mo., for the study of aging and calcification 
mechinism of the human cardiovascular system, by 
{Ibert [. Lansing. Duration 1 year. ($4,200.00) 

Western Reserve University School of Medicine, 
(level: nd, Ohio, for the study of myocardial metabo- 
lism, by Vietor Lorber. Duration 3 years. ($10,395.00) 

Tul: ne University of Louisiana School of Medi- 
cine, New Orleans, La., for the study of cytochemical 
and histochemical approaches to renal physiology, 
with particular reference to electrolyte reabsorption 
in congestive failure, by Nathaniel B. Kurnick. Dura- 
tion 3 vears. ($9,135.00) 

Marine Biological Laboratory, Woods Hole, 
\ass., for the study of the molecular mechanism of 
muscular contraction, by Albert Szent-Gyorgyt. Dura- 
tion 1 year. ($8,000.00) 

Bowman Gray School of Medicine, Winston- 
salem, N. C., for the study of the immunophysiology 
of rheumatie fever, by Jerry K. Aikawa. Duration 1 


E veur, ($3,150.00) 


Yale University School of Medicine, New Haven, 
Conn., for the study of (a) vasoconstriction and 
hypertension, (b) cholesterol and arteriosclerosis, by 


» Join H. Heller. Duration 1 year. ($4,725.00) 


Peter Bent Brigham Hospital, Boston, Mass., for 
the further development and use of the artificial 
kidney as a therapeutic and investigative tool in 
cardiovascular and renal disease, by John P. Merrill. 
Duration 2 years. ($5,250.00) 

Harvard. Medical School, Boston, Mass., for the 
production and study of congestive heart failure in 
dogs. by Alfred P. Fishman. Duration 1 year. 
($525.00) 

Montefiore Hospital, New York, N. Y., for the 
study of the mechanism of edema formation follow- 
ing administration of electrolytes to congestive heart 
failure patients, by Abraham G. White. Duration 1 


» year. ($3,255.00) 


University of Rochester School of Medicine and 


| Dentistry, Rochester, N. Y., for the study of hemo- 
dynamics and ballistocardiography, by Herbert R. 
| Brown, Jr. Duration 1 year. ($2,866.50) 


Cornel! University Medical College, New York, 


_N.Y., for the study of the effects of drugs on the 
Action potential of heart muscle, by McKeen Cattell. 
) Duration 1 year. ($5,565.00) 


Baylor University College of Medicine, Houston, 
Texas, for the study of (a) the effect of increasing 
plasma lovels of potassium on the dynamics of the 
circulation, and (b) the relation between the pres- 
sure eve. ts in the right and left ventricles and right 
auricle sad the electrocardiogram, by Russell A. 


B/luggins. Duration 1 year. ($3,543.75) 


The University of Georgia, School of Medicine, 


Augusta, Ga., for the study of the effects of the 
“Fadrenoly sie agents on the intact cardiovascular sys- 
> 'em of the anesthetized dog when administered in 


the presenee of sympathomimetic agents, by Ray- 
\hiquist. Duration 2 years. ($2,572.50) 
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Cornell University Medical College, New York, 
N. Y., for the study of the relationship between in- 
creased activity of the adrenal cortex and posterior 
lobe of the pituitary gland and fluid and electrolyte 
retention in edema, by Robert F. Pitts. Duration 3 
years. ($8,085.00) 

University of Southern California, School of Medi- 
cine, Los Angeles, Calif., for the study of the patho- 
genesis of hypertension due to the substitution of 
hypertonic sodium chloride solutions for the drink- 
ing water, by Douglas R. Drury and Leo A. Sapir- 
stein. Duration 2 years. ($8,820.00) 

Presbyterian Hospital, Chicago, Il., for the study 
of the identification of the conduction system of the 
heart, by George M. Hass. Duration 1 year. 
($4,620.00) 

Tulane University of Louisiana School of Medi- 
cine, New Orleans, La., for the study of the hemo- 
dynamic and iron storing function of ferritin, with 
particular reference to the kidney, by H. S. Mayere 
son. Duration 3 years. ($3,675.00) 

Albany Medical College, Union University, 
Albany, New York, for the study of (a) chronic 
physiological aspects of atrial and ventricular septal 
defects and (b) chronic physiological aspects of 
mitral and aortic valvular insufficiency, by Harold 
C. Wiggers. Duration 2 years. ($5,460.00) 

Columbia University College of Physicians and 
Surgeons, New York, N. Y., for the study of re- 
vascularization of the heart, by Ferdinand F. Mc- 
Allister. Duration 1 year. ($3,150.00) 

Mt. Sinai Hospital, New York, N. Y., for the 
evaluation of the role of the kidney in the patho- 
genesis of heart failure, by Jonas H. Sirota. Duration 
1 year. ($3,150.00) 

Yale University School of Medicine, New Haven, 
Conn., for the study of hemodynamic factors affect- 
ing electrolyte metabolism and the renal excretion of 
electrolytes, by Allan V. N. Goodyer. Duration 1 
year. ($4,620.00) 

The Children’s Hospital, Boston, Mass., for the 
study of methods for grafting of blood vessels, by 
Robert E. Gross. Duration 1 year. ($10,500.00) 

The Universtiy of Texas Medical Branch, Gal- 
veston, Texas, for the study of the role of the adrenal 
cortex in the pathogenesis of hypertension and asso- 
ciated cardiovascular lesions induced by treatment 
with desoxycorticosterone, by Charles EF. Hall. Dura- 
tion 1 year. ($5,250.00) 

Emory University School of Medicine, Atlanta, 
Ga., for the study of the response of the pulmonary 
vascular bed to hemodynamic alterations in the 
systemic circulation, by James V. Warren. Duration 
3 years. ($5,250.00) 

Emory University School of Medicine, Atlanta, 
Ga., for the study of controlling factors in the renal 
maintenance of sodium balance, by Walter H. Car- 
gill. Duration 1 year. ($4,725.00) 

Dartmouth Medical School, Hanover, New 
Hampshire, for the further development and appli- 
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cation of electrical impedance methods to the meas- 
urement of various cardiac and circulatory problems, 
by Jan Nyboer. Duration 1 year. ($5,118.75) 

Harvard Medieal School, Boston, Mass., for the 
study of peripheral vasculature by injection tech- 
niques and the relation of pathologic findings to the 
clinical manifestations, by Herrman L. Blumgart. 
Duration 1 year. ($3,675.00) 

The University of Illinois College of Medicine, 
Chicago, IIl., for the study of the relation of pituitary 
and adrenal cortex to experimental renal hyperten- 
sion, by George E. Wakerlin. Duration 1 year. 
($5,250.00) 

Bowman Gray School of Medicine, Winston- 
Salem, N. C., for the study of the nature and cause 
of the vasoconstriction which appears in the course 
of perfusion of isolated organs, by Harold D. Green. 
Duration 2 years. ($4,725.00) 

Western Reserve University School of Medicine, 
Cleveland, Ohio, to construct a recording thermom- 
eter capable of accurately registering continuously 
small changes in temperature associated with the 
heart beat in physiological and patho-physiological 
experimental conditions, by Herman K. Hellerstein. 
Duration 1 year. ($2,625.00) 

Fels Research Institute, Antioch College, Yellow 
Springs, Ohio, for the application of a newly devised 
oxygenation apparatus to the study of experimental 
pulmonary and circulatory failure, by Leland C. 
Clark and Frank Gollan. Duration 1 year. ($6,195.00) 

The University of Southern California, School of 
Medicine, Los Angeles, Calif., for the study of the 
chemistry of constriction of the blood vessels, by 
Chester Hyman and Walter Marx. Duration 1 year. 
($3,150.00) 

Ochsner Foundation Hospital, New Orleans, La., 
for the measurement of blood flow by recording 
changes in the electrical conductivity of various 
tissues, by Thomas Findley. Duration 1 year. 
($4,200.00) 


ANNUAL MEETING OF SOCIETY 
FOR VASCULAR SURGERY 


The fourth annual meeting of the Society 
for Vascular Surgery will be held in the Terrace 
Room of the Fairmont Hotel, San Francisco, 


on Sunday, June 25, 1950. Dr. Daniel C. {2lkin 
is President. The preliminary program lists the 
following papers: 


Intravenous Agglutination of Erythrocyte 
(Sludged Blood) in Trauma, W. G. Bigelow, \/D, 

Surgical Management of Secondary Hype: splen. 
ism, Jere Lord, Jr., M.D. 

The Management of Popliteal Aneurysms, ,/. ]/. 
Janes, M.D. 

Experimental Studies of the Frozen Hom« logoys 
Aortic Graft, Ralph A. Deterling, Jr., M.D.. C.¢. 
Coleman, Jr., M.D., and Mary Parshley, Ph.D. 

Some Experimental Aspects of Coarctatioi. of the 
Aorta, Frank Gerbode, M.D. 

The Effect of Vasodilator Drugs on the Circul:. 
tion of the Extremities, Daniel C. Elkin. MD 
(President’s Address). 

Raynaud’s Syndrome: A Clinical Study of Cr. 
teria for Prognosis, Frederick Coller, M.)., ani 
Alexander Blain, III, M.D. 

An Evaluation of the Deep Leg Veins following 
Thrombophlebitis, Josephus C. Luke, M.D. 

Division of the Popliteal Vein in Deep Venous 
Insufficiency of the Lower Extremities, Gen 
deTakats, M.D., and G. W. Graupner, M.D. 

Acute Massive Occlusion of the Venous Systen 
of the Lower Extremities, J. Ross Veal, M.D. 

Ambulatory Venous Pressure Studies in the Pos: 
phlebitic and other Disease States, Paul DeCam; 
M.D., J. A. Ward, Jr., M.D., R. J. Schramel, MD 
N. D. Feibelman, M.D., and Alton Ochsner, M.D. 

Experiences with Ligation and Heparin in th 
Prevention of Pulmonary Emboli, /sador Ravdil 
M.D., and Charles K. Kirby, M.D. 


PORTUGUESE HEART SOCIETY 

An announcement has been received from 
Lisbon, Portugal, of the formation of the Port: 
guese Heart Society (Sociedade Portuguesa te 
Cardiologia). The President is Professor Joa 
Porto and Vice-Presidents are Professors Joa 
Cid dos Santos and Joao Cerqueira Gomes. D: 
Arsenio Cordeiro is Secretary. The address i 
Avenida Da Liberdade, 65-1.°, Lisbon. 
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FOREWORD 


IS fitting that this special issue of a new 
journal devoted to the cardiovascular dis- 
orders be dedicated to our most distin- 
ouished living student of these disorders. James 
Bryan Herrick’s reports were perhaps the single 
outstanding factor in creating that interest 
in the field which has made the new journal 
necessary. His career, like that of most men of 
lasting note in medicine, resembles Caesar’s 
(iaul; it may be divided into three parts—the 
physician, the investigator, the teacher. The 
integrative component of these three facets is 
the man himself. The purpose of these lines 
is to mention a few of the reasons why the 
medical historian of the future will accord a 
prominent place to the accomplishments of 
Dr. Herrick and will place him in a firmament 
already enriched by such shining lights as Heb- 
erden, Withering, Corvisart, Hope, Stokes, 
Traube, Wenckebach, Lewis and Mackenzie.* 
As a physician, Dr. Herrick has represented 
the rare combination of the clear scientific 
mind and the warm human heart. When he 
came to the Peter Bent Brigham Hospital as 
Physician pro tem in 1924, all of us on the 
house staff were impressed by these happy 
qualities, and my Chicago friends tell me that 


“Those readers who, like Dr. Herrick, are students 
of history and of literature, as well as of medicine, 
may well object to the omission of Queen Elizabeth. 
It will be reealled that on one occasion Sir Walter 
Rale ch is said to have climbed the side of the palace 
to the level of Elizabeth’s chambers and to have 
Written on her window: 

‘igh would I climb, yet fear to fall’’; and the 
: Queen completed the couplet by writing: 

thy heart fail thee, climb not at all.” 
e might therefore argue that Queen Elizabeth 
ipated by three hundred years Mackenzie’s im- 


moral dictum that the test of a heart is the response 
to ¢ort. 


Viry 


() 


ant 


‘‘Age cannot wither nor custom stale his infinite 
variety.” 

Although he has contributed extensively to 
the broad field of internal medicine, Dr. Her- 
rick is best known for his descriptions of sickle 
cell anemia and of myocardial infarction. As 
regards the latter condition he was, in some 
degree, preceded by various other observers 
who from time to time made the correct di- 
agnosis ante mortem. However, it was the 
carefully documented reports of Dr. Herrick 
with their precise description of the clinical 
picture which led, in time, to the general recog- 
nition of the disorder and thus gave impetus 
to the whole field of clinical cardiology. It 
was his stimulus which led Fred Smith to study 
the condition in animals and delineate the 
electrocardiographic changes. What many hold 
to be the finest single intellectual achievement 
of modern times in the field—Frank Wilson’s 
elucidation of the electrocardiogram—came 
along a few years later and added further to 
the value of Dr. Herrick’s work. The light 
which Dr. Herrick ignited has not obeyed New- 
ton’s law; its intensity has tended to vary not 
inversely but directly with the square of the 
distance as each new discovery begets several 
more. 

Despite the importance of Dr. Herrick’s con- 
tributions to medical knowledge one wonders 
whether this is his greatest accomplishment. 
Our future historian may well take the position 
that he, like Osler, is one of those rare persons 
whose heart has contributed more than his 
head. His gentleness, kindness, understanding 
and leadership have made him one of the out- 
standing teachers of our times. I have talked 
with many of his pupils and have encountered 
no sentiments other than admiration and re- 
spect coupled with affection and gratitude. 
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As a man Dr. Herrick is, like Dr. Osler, the 
embodiment of the three attributes which were 
‘alled by Lord Tweedsmuir humility, humanity 
and humor. His high caloric scientific intellec- 
tual diet has been properly balanced by the 
vitamins of the classics. He is a devotee of 
medical history, as was first called to my atten- 
tion by a delightful note received some fifteen 
years ago in which he pointed out that some 
of the observations which I had been inclined 
to ascribe to James Hope had been made a 
century previously by Raymond Vieussens. 
This gentle admonition was delivered in the 
kindest words. Although the note has been 
lost, memory indicates that it stated: “Isn’t 
it interesting and fun to know that Vieussens 
observed some of these same things and de- 
scribed them so beautifully?” It is perhaps no 
coincidence that the greatest teachers of medi- 
cine have almost without exception been, like 
Dr. Herrick, individuals with an extensive 
training and interest in the humanities as well 
as in the sciences. 


Men such as Dr. Herrick, with the insight 
into the future which comes from science, :nd 
the understanding of the past derived from the 
humanities, seem especially likely to achieve 
not only distinction from without but, more 
importantly, serenity from within. Such :nen 
are optimistic, and radiate their own happiness 
to others. They face the future with the con- 
fidence of experience and the curiosity of a 
youthful spirit. Those with the good fori ine 
to know Dr. Herrick even slightly can pic- 
ture his quiet chuckling as he says to him-elf: 


“Grow old along with me! The best is yet to be, 
The last of life, for which the first was made . 


The Editor, Editorial Board, and Publisher 
of CIRCULATION consider it a great privilege 
and honor to dedicate this special issue to Dr, 
Herrick. It is quite certain that they speak for 
his host of friends and his countless admirers 
in wishing him many more years of usefulness 
and happiness. 

TinsLey R. Harrison, M.D. 





The Relationship of the Degree of Coronary 
Atherosclerosis with Age, in Men 


By New K. Wurrer, M.D., Jesse E. Epwarps, M.D., AnD THomas J. Dry, M.B. 


The amount of coronary atherosclerosis in each decade from 30 to 89 years of age, in the male, 
is evaluated. A large number of hearts were examined in great detail to increase accuracy. 
The results reveal that the degree of coronary atherosclerosis is not primarily related to age 
as is commonly assumed. The effect of cardiac hypertrophy on coronary atherosclerosis is also 


discussed. 


HE LITERATURE has consistently 
stressed the opinion that coronary ath- 
erosclerosis, as evaluated from necropsy 

studies, increases in severity with advancing 
age.’ °-7 The data, forming the basis of these 
opinions, in most instances have been derived 
from necropsy protocols. As a rule, the persons 
concerned in recording the data for any one 
report are many and their interest and exper- 
ience in the study of the coronary arteries vary. 
Thus, in any one group of cases reported there 
may be considerable lack of uniformity in in- 
terpretation of observations. It is evident that 
a study performed by one individual would 
vield more uniform interpretations from case to 
case. Accordingly, a restudy was made of the 
degree of coronary atherosclerosis in the hearts 
of 100 consecutive men from each of the decades 
from age 30 through 89 years; a study totaling 
600 hearts. 


MATERIAL AND Meruops 

Tl 
at th 
with 


‘hearts used in this study had been saved 
time of necropsy as a routine procedure 
iit regard to whether or not cardiac disease 
resent. The specimens had been obtained 
routine consecutive necropsies on men 
‘presented persons dying from many and 


Was 
from 
and 


vari | causes. Those dying of disease of the 
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coronary arteries or any other disease were not 
excluded. One hundred hearts from each of the 
six decades starting with the age of 30 years 
were used in this study. All of the subjects 
were men. 

A method of examination was outlined by 
which a complete picture of the degree of coro- 
nary sclerosis in all parts of the coronary tree 
could be determined. This entailed the separa- 
tion of the coronary tree in each heart into the 
following divisions for the purpose of recording 
sclerosis. The left coronary artery was divided 
into the left main coronary stem, the anterior 
descending branch, and the circumflex branch. 
The right coronary artery was divided into the 
right main coronary stem, the marginal branch, 
and the posterior descending branch. Each of 
these divisions was then subdivided into proxi- 
mal, middle, and distal parts, except the left 
main coronary stem, which is usually 1 to 3 
em. in length and is too short for subdivision. 
This division of the coronary system is pic- 
tured in figure 1. 

Each of the 600 hearts had, then, sixteen 
subdivisions of the coronary arteries which were 
separately evaluated for the degree of sclerosis. 
Cross sections were made with a sharp knife 
at 3-mm. intervals from the ostia to the ter- 
minal pericardial branches. Each section was 
‘arefully examined and its lumen was visu- 
alized. This method, it was felt, would provide 
an accurate picture of the amount of sclerosis 
for the entire coronary system. 
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The actual grading was on a basis of Grade 
1 (minimal sclerosis) to Grade 4 (complete 
atherosclerotic closure of the lumen). 

The microphotographs shown in figure 2 are 
average selections from each of the four grades 
of sclerosis as standardized for this study. 

The maximal degree of sclerosis as found in 
each of the sixteen segments was the recorded 
sclerosis for that segment. 


The average grade of sclerosis in this segment 
increases from Grade 1.58 during the age pe- 
riod of 30 through 39 years to an average of 


Grade 2.42 during the age period of 50 through 
59 years. The greatest amount of sclerosis was 
found in the sixth decade with a slight deeroase 
in subsequent decades. 

The findings in the anterior descen:ing 
branch of the left coronary artery are prese) ted 


coronary 


Post. descending br. 


—— Proxima! segment 


EEEE Middle segment 
mmm Distal segment 


Fic. 1.—The sixteen segments of the coronary arteries analyzed for atherosclerosis. 


With this information recorded, the average 
grade of sclerosis was then determined for each 
of the sixteen segments for the 100 consecutive 
hearts in each decade. This average grade of 
sclerosis formed the basis for the construction 
of figures 3 through 9. It should be clearly 
understood that these figures do not represent 
the changes in degree of atherosclerosis in an 
individual heart as age increases, but are the 
average results obtained from the study of 
necropsy material. 

Figure 3 presents the findings in the left 
main coronary stem from the ostium in the 
left aortic sinus to its division into the anterior 
descending and circumflex branches. This seg- 
ment is seldom more than 3 em. in length. 


in figure 4. In general the curves are similar 
to those found for the left main coronary stem. 
The proximal segment of the anterior descend- 
ing branch showed a higher average grade of 
sclerosis than any of the other fifteen segments 
studied. The age period in which the maximal 
sclerosis was present was again the 50-year 
through 59-year period, with less sclerosis in 
the succeeding decades. In every age period 
the average sclerosis in the middle segment 
was less than in the proximal, and the average 
sclerosis in the distal was less than in the mid- 
dle segment. 

Figure 5 presents the findings in the «ir- 
cumflex branch of the left coronary art:ry. 
The results are similar to those for the ante ior 
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Fic. 2.—Kxamples of the grading of sclerosis in coronary arteries: a, Grade 1 (X30); b, Grade 2 
X22); c, Grade 3 (X15); d, Grade 4 (X15). 


dese nding branch, except that ‘the average decade having the most sclerosis was the 50- 
gra’. of sclerosis was somewhat lower. The year through 59-year age group. The average 
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sclerosis in the proximal segment of the cir- 
cumflex branch in this decade was Grade 2.68 
as compared to Grade 3.00 for the anterior 


4.0 


Grade of scleros/s 


"30 40 50 


nary artery from the ostium in the right aortic 
sinus to the posterior longitudinal sulcus, at 
which point the right coronary artery con- 


60 80 90 


Age 


Fic. 3.—The average grade of coronary sclerosis in the left main coronary stem (proximal to the 
point of division into the anterior descending branch and the circumflex branch) for 609 hearts ac- 


cording to decades studied. 
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Fic. 4.—The average grade of coronary sclerosis in the three segments of the anterior descending 
branch of the left coronary artery for 600 hearts according to decades studied. 


descending branch. As in the case of the latter 
branch, the middle and distal segments of the 
circumflex branch showed less severe sclerosis 
than did the proximal segment. 

Figure 6 presents the findings in the right main 
coronary stem. In this instance, the right main 
coronary stem represents all of the right coro- 


tinues as the posterior descending branch. The 
curves in general are similar to those note: in 
the left coronary artery and its major branc ‘ies. 
The maximal grade of sclerosis was presen! in 
the 50-year through 59-year group. The ~-eg- 
ment of the right main coronary stem ha\ ing 
the greatest degree of sclerosis was the mi: dle 
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segn.ent—or more specifically, that segment 
exte ding from a point approximately 3.5 cm. 
fron. the ostium to another point about 7 cm. 
fron the ostium. It should be noted that the 


4.0 


a 
° 


Grade of sclerosis 
go 
oO 


Figure 7 presents the findings in the marginal 
branch of the right coronary artery. This is 
usually the smallest of all the so-called main 
branches of the coronary arteries, and cor- 
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Fic. 5.—The average grade of coronary sclerosis in the three segments of the circumflex branch 
of the left coronary artery for 600 hearts according to decades studied. 
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Fic. 6.—The average grade of coronary sclerosis in the three segments of the right main coronary 


tem for 600 hearts according to decades studied. 


degree of sclerosis found was only a little less 
than in the anterior descending branch of the 
left -oronary artery. The general pattern of 
degr > of sclerosis was identical. It would seem 
that there are no inherent differences in the 
(eve opment of atherosclerosis in the left and 
righ' coronary arteries. 


respondingly had the least degree of sclerosis. 
The maximal amount of sclerosis was found in 
the proximal segment of this artery in the 50- 
year through 59-year age group. 

Figure 8 presents the results of the study of 
the posterior descending coronary artery. There 
were no variations noted from the previous 
findings. This artery is slightly larger than the 
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right marginal branch and has a higher average 

grade of sclerosis. The average grade of sclero- 

sis in the last two arteries named never reaches 

more than a moderate amount (Grade 2). This 

is not a surprising finding, inasmuch as both 
4.0 


Grade of sclerosis 


represented the terminal portion of the right 
coronary artery. 

Figure 9 is a composite to compare the m-xi- 
mal degree of sclerosis found in the six iain 
branches of the coronary arteries. The curves 


Proximal 


Fic. 7.—The average grade of coronary sclerosis in the three segments of the marginal branch of 
the right coronary artery for 600 hearts according to decades studied. 
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Fic. 8.—The average grade of coronary sclerosis in the three segments of the posterior descending 
coronary artery for 600 hearts according to decades studied. 


the marginal and posterior descending arteries 
are relatively small branches, and merely follow 
the general trend of the grade of sclerosis de- 
creasing toward the distal portion of the artery. 
Among the 600 hearts of this study the poste- 
rior descending coronary artery represented the 
terminal portion of the left circumflex artery 
in 45 cases; in the other 555 cases this artery 


show an average grade of sclerosis sligiitly 
greater than those noted in the previous figures. 
This is readily understood, inasmuch as the 
greatest amount of sclerosis found along the 
entire course of the branch, whether in its 
proximal, middle, or distal segment, was the 
grade used to determine these averages. 

The main points emphasized by this rej)re- 
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sen ation are that a careful examination of the 
cor nary arteries reveals a rather severe degree 
of s-lerosis at some point along the main arteries 
aftr the age of 49 years, and that the degree 
of -clerosis in the right main coronary stem 
and in the cireumflex branch of the left coronary 
arte’y is only slightly less than that in the 
ant: rior descending branch. 
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3 or more at some point in the left coronary 
artery or its ramifications. The top line, marked 
“either,” gives the percentage of hearts, in each 
decade, in which there was found sclerosis of 
Grade 3 or more at any point in either coronary 
artery. This top curve is not a summation of 
“right”? and “left” but actually represents all 
of the hearts in which there was sclerosis of 
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Fic. 9.—The average of the greatest degree of sclerosis found in each pf the complete branches of 
the coronary arteries (combining findings of proximal, middle, and distal segments) for each decade. 


In figure 10 the degree of sclerosis in each 
decale is studied from a different viewpoint. 
We wished to find the percentage of hearts in 
each deeade in which there was a severe in- 
volvement of the coronary arteries. By our 
met!iod of grading, this would include all cor- 
ony arteries with a grade of sclerosis of 3 
or nore (see fig. 2). The line in figure 10 marked 
“right” gives the percentage of hearts, in each 
dec: dle, in_ which there was sclerosis of Grade 
30) more at some point in the right coronary 
artery or its ramifications. The line marked 
“lel” shows the percentage of hearts, in each 
decide, in which there was sclerosis of Grade 


Grade 3 or more in the left coronary artery 
plus the relatively few hearts in which there was 
sclerosis of Grade 3 or more in the right coro- 
nary artery with less than Grade 3 sclerosis 
in the left coronary artery. 

In this regard it was found that 11 per cent 
of the hearts in the 50-year through 59-year 
period had sclerosis of Grade 3 or more in the 
right coronary artery, with less than Grade 3 
sclerosis in the left coronary artery. Clawson! 
found this relationship in only 1 per cent of 
the 928 cases of coronary sclerosis of all ages 
that he reported in 1939. 

According to Clawson,':* hypertension pre- 
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Either 


— —» 


50 60 70 80 
Age 
Fic. 10—The percentage of cases in each decade in which there was maximal sclerosis of Grade 3 
or more in either the right or the left coronary artery; the percentage of cases in which there was 


sclerosis of Grade 3 or more in the left coronary artery, and the percentage of cases in which there was 
sclerosis of Grade 3 or more in the right coronary artery. 


TaBLE 1.—The Average of the Maximal Grade of disposes to coronary sclerosis. Therefore, all 
Sclerosis Found in Each of the Main Coronary 


Arteries According to Decade: Hearts Weighing Less 
Than 450 Grams 


hearts were segregated into two groups—those 
weighing less than 450 grams, and those weigh- 
ing 450 grams or more. Particularly in the male 
a a sielelatelnrz heart, when long-standing hypertension exists, 

——_—___—— —|—— — the great. majority of hearts will weigh more 
Age, years... .... ./30-39 40-49 50-59 /60-69|70-79 80-89 than 450 grams. Rather than analyze all six- 


Left main stem...| 1.60} 1.94) 2.37) 2.35) 2.15} 2.27 teen segments, we ionic thin aanienal degre - of 
Anterior descend-) 


ing.............| 1,91] 2.47] 2.94] 2.95) 2.94! 2.85 sclerosis found in each of the five main bran: hes 
Circumflex........| 1.65| 2.09) 2.66| 2.63) 2.67! 2.56 of the coronary arteries plus the main sten: ol 
Right main stem..| 1.68) 2.02) 2.82) 2.64) 2.60) 2.75 the left coronary artery for each heart. ‘he 
Marginal..........| 1.12, 1.21) 1.90) 1.86) 1.56) 1.69 average of the maximal grade of atheroscli ro- 
Posterior descend- sis found for each artery and for each decide 
is given in tables 1 and 2. 


Mus es aaa 1.37; 2.06) 1.98) 1.71 
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‘he hearts weighing 450 grams or more con- 
sis ently showed a slightly greater degree of 
co: onary sclerosis than those weighing less than 
45( grams, but the actual amount of sclerosis 
is; ldom more than 10 per cent greater in the 
he: :ts weighing 450 grams or more than in those 
we zhing less than 450 grams for corresponding 
coronary arteries and decades. It is certain that 
the myocardium of the hypertrophied heart 
is affected to a much greater degree than indi- 
eated by the slightly increased amount of scler- 
osis, inasmuch as its oxygen demand increases 


Tante 2.—The Average of the Maximal Grade of 
Sclerosis Found in Each of the Main Coronary 
Arteries According to Decade: Hearts Weighing 450 
Grams or More 


! au} 3H) 38) & 38 | 26 


Age, years....... 30-39 40-49 50-59 60-69 70-79|80-89 
Left main stem...| 1.56) 2.03) 2.51) 2.48) 2.24 
Anterior descend- | | | 

Ce | 2.10) 2.71] 3.12) 3.11) 3.11) 
Circumflex...... 1.77, 2.38) 2.96, 2.87, 2.82 
Right main stem..| 1.93) 2.55) 3.11) 2.97) 2.90) 2 
Marginal..........| 1.20 1.69) 2.22) 2.06) 1.70 
Posterior descend- 


No. of hearts 


| 1.30) 1.71 


1.97 


as hypertrophy develops. Therefore, the hyper- 
trophied heart will sueeumb to coronary arter- 
ial disease before the heart of the normal size if 
both have an equal grade of coronary sclerosis. 
As mentioned previously, the hearts weigh- 
ing 450 grams or more showed about 5 to 10 
per cent greater degree of sclerosis than the 
hearts weighing less than 450 grams. This would 
further accentuate the myocardial anoxemia. 


COMMENT 


‘he main purpose of this study was to deter- 
mine whether the average grade of coronary 
scl-rosis, as observed in necropsy material, in- 
croases progressively with age, as has been 
e).catedly stated in the literature. The present 
sees failed to substantiate this contention. It 
vs found that the average grade of sclerosis 
in cach of the sixteen subdivisions of the coro- 
ivry tree for which an evaluation was made, 

owed a similar pattern when related to age. 
I) all instances the average grade of sclerosis 


oO 


rose steadily with age from the first period 
studied, 30 through 39 years of age, to a maxi- 
mal rather severe average grade of sclerosis in 
the 50-year through 59-year age group. Beyond 
this age group the average grade of sclerosis 
did not increase. 

In our series in 18 per cent of the hearts in 
the 30-year through 39-year age group sclerosis 
of Grade 3 or more affected some part of the 
coronary tree. French and Dock‘ investigated 
80 cases of fatal coronary disease in soldiers 
between the ages of 20 and 36 years. Seventy 
of the 80 patients died within a few minutes 
after the onset of the attack. In these hearts 
adequate collateral circulation had not as yet 
developed. Sudden death of this nature is much 
less common after the age of 50 years than 
before that age. This definitely suggests that the 
collateral coronary circulation develops as the 
degree of sclerosis increases and according to 
our findings would be well established by the 
sixth decade. 


CONCLUSIONS 


1. Six hundred hearts, consisting of a series 
of 100 consecutively chosen hearts of men in 
each of the six decades from 30 through 89 
years of age, were thoroughly examined for the 
amount of coronary sclerosis. It has been shown 
that the degree of coronary sclerosis in necropsy 
material is not linearly related to age, but 
increases rapidly in the 30-year through 49-year 
age period, reaches a maximum in the 50-year 
through 59-year age group, and thereafter re- 
mains at a fairly constant level. 

2. Beyond the age of 49 years, the average 
man at the time of death has a rather severe — 
degree of coronary atherosclerosis—amounting 
to a Grade 3 sclerosis (on a basis of Grade 1 to 
Grade 4) at some point in both the left and 
right coronary arteries. 

3. Hypertension—as revealed by myocardial 
hypertrophy—is not a primary factor in the 
production of coronary atherosclerosis. The 
average grade of sclerosis in the hearts weighing 
450 grams or more was less than 10 per cent 
greater than in the hearts weighing less than 
450 grams. 

4. The pattern of development of sclerosis in 
the right coronary artery is similar to that 
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found in the left coronary artery, and does not 
seem to justify the conclusion that there are 
inherent differences in the manner of develop- 
ment of sclerosis in the two arteries. The proxi- 
mal segment of the anterior descending branch 
of the left coronary artery had the highest 
average grade of sclerosis of any of the sixteen 
segments studied. However, the degree of differ- 
ence between this segment and corresponding 
segments of the right main coronary stem was 
not striking. 
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The Use of Tetraethylammonium Chloride as 
a Vasodilator in Peripheral Vascular Disease; 
its Effect on Sympathectomized Extremities 


|'y THEopore B. Massetu, M.D., Witiiam E. Apotpn, M.D., ano JAMes B. Frencu, M.D. 


The thermometric and plethysmographic response to Etamon administration was studied in 
13 patients with peripheral vascular disease, comparing it with that of procaine injection into 
the sympathetic ganglia. The administration of Etamon caused an average temperature rise of 
7 degrees F. and a pulse volume increase of 1.3 cu. mm. per 5 cc. of part. Procaine block resulted 
in a temperature rise of 13.5 degrees F. and a pulse volume increase of 5.5 cu. mm. Etamon was 
given to 11 vascular patients after sympathectomy and caused an average temperature rise of 
0.5 degrees F. in the sympathectomized extremities, while the pulse volume actually decreased 


by an average of 0.7 cu. mm. per 5 ce. of part. 


ARLY reports!: +: on the effect of tet- 
raethylammonium chloride (Etamon) on 
man seemed to indicate that it was more 
effective in producing dilation of the vessels of 
the extremities than was procaine injection 
of the sympathetic ganglia. However, experi- 
ments more recently described*: * % !° cast 
doubt on the efficacy of tetraethylammonium 
chloride as a peripheral vasodilator. Moreover, 
we have been unable to find any published 
data on the effect of Etamon on the peripheral 
circulation of a sympathectomized extremity. 
The purpose of this report is: (1) to compare 
the effeet of procaine sympathetic block with 
that of Etamon on the terminal vessels of the 
extremities in patients with peripheral vascular 
disease and (2) to determine the effect of Eta- 
mon on the peripheral circulation in sympa- 
thectomized extremities. 


METHOD AND RESULTS 


Lvperiment 1. Thirteen patients with periph- 
eral vascular affections were studied. Six 
had occlusive arterial disease and 7 had vaso- 
spa-tic disorders. In 3 patients the disease 
invived chiefly the upper extremity; in the 


!:om the Vascular Surgery Section, Birmingham 
Vet-rans Administration Hospital, Van Nuys, Calif. 
lublished with the permission of the Chief Medi- 
Director, Department of Medicine and Surgery, 
Vetvrans Administration, who assumes no responsi- 
for the opinions expressed, or conclusions 

drawn by the authors. 


remainder the leg was the affected part. Etamon 
was administered intravenously as 5 cc. of 
a 10 per cent solution (500 mg.). Sympathetic 
block was performed by the Homans technic,’ 
injecting 15 cc. of a 2 per cent procaine solution 
into the area of the second lumbar or the 
stellate ganglion. 

Thermometric and _ plethysmographic _re- 
cordings were obtained simultaneously from 
terminal portions of three extremities. The skin 
temperatures were recorded by a Leeds and 
Northrop micromax with thermocouples at- 
tached to the skin of the toes and fingers. 
The volume of pulse deflection per 5 cc. of 
part was measured by the Burch? pneumo- 
plethysmograph. All observations were made 
in a cool, comfortable room with the patient 
resting in the horizontal position and shielded 
from psychic disturbances. Recordings were 
simultaneous and continuous throughout the 
period of measurement. An interval of twenty- 
four to seventy-two hours was allowed to 
elapse between the administration of Etamon 
and the procaine block. Comparative measure- 
ments were made on each patient at the same 
room temperature and in the same relation to 
meals and other daily activities. The same 
digits were used in each patient for comparative 
measurements throughout the experiment. 

In the 13 patients tested, the temperature 
of the tip of the affected extremity reached an 
average of 84 F. after the administration of 
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et: non, a rise of 7.0 degrees; after sympathetic 
blo k the average was 90.5 F., a rise of 13.5 
deyvees. There was a striking difference in 
pn umoplethysmographic response. The drug 
cui sed an increase in pulse amplitude of only 
1.8 cu. mm. per 5 cc. of part, whereas procaine 
‘tion resulted in an increase of 5.5. cu. 
per 5 ce. of part. The figures for the in- 
lual patients are given in table 1. 
n analysis of these individual results reveals 
the temperature increase produced by 
mon injection was less in every case except 


mographic response to these two vasodilators 
in a patient with thromboangiitis obliterans. 

Experiment 2. Eleven patients who had had 
unilateral sympathectomy were studied; one 
had upper thoracic sympathectomy, 2 thora- 
columbar, and 8 lumbar (table 2). Four of these 
patients had previously been studied in the 
first series. Ten days to three weeks after 
operation, thermometric and plethysmographic 
tracings were made simultaneously on the sym- 
pathectomized and on the intact contralateral 
extremity before and after the intravenous ad- 
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TaBLe 1.—Skin Temperature and Plethysmographic Pulse Volume after Administration of Etamon 


and after Sympathetic Block 


Skin Temperature (in Degrees Fahrenheit) Plethysmographic Pulse Volume (cu. mm.) 
Jiagnosis 
Diagnosis Increase 
Due to 
Block 


Increase 
| Due to | 
Etamon| 


Increase 


Increase 
After Due to 


| Resting) y,. Due to 
Etamon Btanan 


After 


Etamon 


After 


| Resting Block 


Block 


78.0 
| 74.8 
| 72. 
80. 
73. 
75.2 
| 78. 
78. 
| 78. 
82. 


Thromboangiitis obliterans 
Acute thrombophlebitis 
Chronie thrombophlebitis 
Thromboangiitis obliterans 
Acrocyanosis 

Raynaud’s syndrome 


84.5 
| 76. 
| 84. 
| 86. 
91, 


77.8 
Arteriosclerosis obliterans 
.Thromboangiitis obliterans 
Thromboangiitis obliterans 
Posttraumatic reflex 
dystrophy 
Thromboangiitis obliterans 
Posttraumatic reflex 
dystrophy 
Trench foot 5.0 


76. 


Average ... .O | 84. 
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than the increase caused by sympathetic 
k. In only one patient (patient 12) did 
mon administration cause a greater increase 
ilse amplitude than did procaine injection ; 
uother patient (patient 13) both vasodila- 
caused the same pulse volume increase. 
In » third patient (patient 4) neither vaso- 
dile'or agent affected the pneumoplethysmo- 
grain. However, in the other 10 patients the 
syn. pathetic ganglion block was considerably 
mo « effective in increasing the pulse amplitude 
tha: was Etamon. The difference was especially 
ma ked in patients 5 and 6 in whom the ratios 
‘11 to 1 and 73 to 1, respectively. 


we 
} igure 1 shows the difference in plethys- 
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ministration of 500 mg. of tetraethylammonium 
chloride. Etamon caused an average rise of 
temperature of 7.2 degrees F. in the intact 
extremity, 0.5 degree F. in the sympathecto- 
mized extremity. The average increase in pulse 
amplitude on the intact side was 1.2 cu. mm., 
while on the sympathectomized side there was 
a decrease in pulse amplitude, averaging 0.7 
cu. mm. 

A consideration of the individual results re- 
veals that the temperature rise in the sym- 
pathectomized extremity was over 1 degree in 
only one patient and was less than 0.5 degree 
in 6 patients. Only 2 patients exhibited an 
increased pulse amplitude on the sympathecto- 
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mi ed side following the administration of Eta- 
: 0.2 cu. mm. in patient 17 and 1.2 cu. 
in patient 19. Neither of these patients 
vascular disease of their sympathectomized 

emities. In patient 17 the operation was 
ormed to relieve an unexplained causalgia- 
pain without any associated vascular dis- 
roance. Sympathetic section was performed 
autient 19 in an attempt to increase the 
lation in an area of radiation necrosis by 
ausing a vasodilation in an otherwise normal 


mi 
m! 


ha 


LE 2 


followed by a definite decrease in pulse ampli- 
tude varying from 0.3 cu. mm. to 5.0 cu. mm. 
with an average value of 1.4 cubic millimeters. 

Figure 2 shows a typical plethysmogram 
illustrating the difference in effect of tetra- 
ethylammonium chloride on an intact and on 
a sympathectomized extremity in a patient 
with thromboangiitis obliterans. 

It was also noted that in contrast to the 
observations of Burch and_ his associates* 
the frequency of alpha deflections in the 


: 2.—Skin Temperature and Plethysmographic Pulse Volume in Intact and Sympathectomized Extremity before 


and after Etamon Injection 


Skin Temperature (in Degrees Fahrenheit) 


Intact Extremity 
Diagnosis 


Tem- 
pera- 
ture 
Rise 


After 


Resting Etamon 


Thromboangiitis obli- 
terans 

Thromboangiitis obli- 
terans 

Posttraumatic reflex 
dystrophy 

Trench foot 

Thromboangiitis obli- 
terans 

issential hypertension 

issential hypertension 

Posttraumatic reflex 
dystrophy 

Arterioselerosis obli- 


or on on 


on 


terans 
Postradiation ulcer 
Thromboangiitis obli- 
terans 


Average 


lim!. Patient 14 had advanced Buerger’s 

involving both lower extremities. 
Sympathectomy was performed to bring about 
localization of a spreading gangrene of the 
toes Even though the operation achieved its 
objivtive, there was no discernible arterial 
pul- ition in the plethysmogram of either foot 
eith -r before or after the administration of 


dise:\se 


Kts:non. However, in all seven patients with 
. Ld . 

per »heral vascular disease and with a measur- 

abl: digital pulse, administration of Etamon was 


Sympathectomized 


Resting 


Plethysmographic Pulse Volume (cu. mm.) 


Sympathectomized 


Intact Extremity Estremice 


Extremity 


Tem- 
pera- 
ture 
ise 


After 
Eta 
mon 


After 
Eta- 
mon 


Pulse 
Volume 
Increase 


Pulse 
Volume 
Increase 


After 


Etamon 


Rest- 
ing 


| 90.0 | 


92.5 | 


91. 
87. 


Sh 
88. 
| $9.5 
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plethysmographie tracing was not decreased 
by sympathectomy. In 6 patients the alpha 
waves were equal in frequency in the sym- 
pathectomized and in the intact limb, while 
in 5 patients the alpha deflections were more 
numerous on the sympathectomized side. 
Apparently the removal of the sympathetic 
nerve supply to the extremity did not abolish 
these deflections and in about half the patients 
increased their frequency. The removal or the 
preservation of the first lumbar ganglion (in 
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lumbar sympathectomies) did not seem to 
influence these results. 


DISCUSSION 

Although the actual blood flow was _ not 
measured it has been demonstrated’ that the 
rhythmic volume changes recorded with each 
heart beat are attributable to the volume of 
blood flowing into that particular part. While 
the plethysmographic and thermometric find- 
ings were approximately corroborative, there 
were significant differences, especially in the 
studies of the sympathectomized extremities. 
Thus the injection of Etamon was followed by a 
slight increase in surface temperature of the 
sympathectomized limb while the pulse ampli- 
tude was diminished. Inasmuch as the skin 
temperature may be increased by the opening 
of the cutaneous arteriovenous shunts without 
any improvement in the circulation, the change 
in pulse amplitude may be regarded as a more 
accurate indicator of the circulatory response in 
the limb.’ 

Both the plethysmographic and the ther- 
mometric response to Etamon were markedly 
less than to procaine sympathetic block and 
indicated the limitation of the drug as a 
diagnostic or therapeutic agent in peripheral 
vascular disease. The explanation may be 
found in the fact that tetraethylammonium 
chloride causes a generalized vasodilation. 
Unless the blood volume or cardiac output is 
increased the expansion of the vascular bed in 
an extremity may result in very little increase 
of blood flow to that extremity if there is a 
simultaneous expansion of the vascular bed 
throughout the rest of the body. When there is 
organic occlusion of the arteries of a limb the 
vascular bed is likely to be limited in its ability 
to expand. On the other hand, the general 
vasodilation produced by such a drug as 
Etamon often results in a drop in blood pressure 
and in cardiac output which may nullify the 
effect of the limited augmentation of the local 
vascular bed. Thus, in 6 patients in the first 
series in whom there was occlusive arterial 
disease the average increase in_ plethys- 
mographic pulse amplitude was only 0.8 cubic 
millimeters. It is apparent that this limited 
response to Etamon was not due merely to 
the lack of expansibility of the vessels in the 


diseased limb since procaine block caused an 
average pulse increase of 2.6 cu. mm. in those 
same 6 patients. These mechanisms bh: ve 
previously been discussed in part by DeBal.ey 
and associates.® 

The effect of Etamon on a sympathectomied 
limb is dependent upon a number of facturs, 
Thus additional dilation of the local vascilar 
bed might occur if sympathetic denervation 
were incomplete, if there had been rege) er- 
ation of the vasomotor fibers, if the blood 
vessels were maintained in a state of con- 
striction by some humoral mechanism (.g., 
sensitivity to circulating adrenaline). In ‘his 
study the observations were made too soon 
after sympathectomy to have been influenced 
by regeneration of the sympathetic fibers or by 
sensitivity of the vessels to adrenaline." 
Four of the eight lumbar sympathectomies 
consisted of the removal of the entire lumbar 
chain from the first to the fourth lumbar 
ganglion, inclusive, and hence should have re- 
sulted in reasonably complete denervation of 
the vascular bed of the involved extremities." 
On the other hand, the other four lumbar 
ganglionectomies spared the first lumbar 
ganglion, while in both thoracolumbar sym- 
pathectomies the third and fourth lumbar 
ganglia were left intact. 

By reflex heating we were able to demon- 
strate that the lower extremity was completely 
sympathectomized in each of the 2 patients 
who had thoracolumbar sympathectomy. How- 
ever, in this experiment the patients who had 
lumbar sympathectomies were not tested by 
reflex heat, so that it is possible that the 
denervation of the vascular bed might not have 
been complete in some patients in whom the 
first lumbar ganglion was left intact. The 2 
patients who manifested a rise in skin tem- 
perature of more than 1 degree after the in- 
jection of Etamon were both young men in 
whom the first lumbar ganglion had been 
spared. It is possible that this thermal re- 
sponse to the drug represents the reactio! 
limbs which had not been completely free: 
all vasomotor nerve fibers. 

On the other hand, the administratior 
tetraethylammonium chloride causes a wi 
spread dilation of the entire vascular bed 
that much of the circulating blood is diver ed 
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to other parts of the body. In patients with 
per'pheral vascular disease this borrowing- 
lending effect more than outweighs any 
sligit augmentation in the local vascular bed of 
the sympathectomized limb. As a_ result, 
Et:mon administration was followed by a 
decrease in the plethysmographic pulse ampli- 
tude in those patients in whom sympathectomy 
had been performed because of a vascular 
disease. A slight augmentation of the digital 
pulses was observed after the administration 
of the drug in only 2 patients in whom there 
was no vascular disease and in whom sym- 
patheetomy had not included the first lumbar 
ganglion. 

The clinical significance of these observations 
lies in the effect of general vasodilators on the 
peripheral circulation after sympathectomy 
performed because of vascular disease. The use 
of 2 general vasodilator in the treatment of 
peripheral arterial disease after the per- 
formance of a sympathectomy might be con- 
sidered either for the purpose of securing an 
increased amount of blood flow in the sym- 
pathectomized extremity or for the treatment 
of less ‘severe vascular disease in the ex- 
tremities not subjected to this operation. How- 
ever, in our series the small increase in pulse 
volume produced by Etamon in the intact 
extremities hardly seemed to justify the de- 
crease in pulse volume in the contralateral 
sympathectomized limbs. A similar diminution 
of pulse amplitude has been observed in the 
sympathectomized extremity after reflex heat- 
ing’ and after the administration of Priscoline.” 
Thus the use of general vasodilators is con- 
traindicated after sympathetic denervation 
undertaken for treatment of vascular disease 
since these agents are likely to cause a decrease 
rather than an inerease in blood flow in the 
sympathectomized extremity. 


CONCLUSIONS 
1. Tetraethylammonium chloride is con- 
siderably less effective than procaine sym- 
pathetie block as a peripheral vasodilator, so 
that its use is limited as a diagnostic or thera- 
peutic agent in patients with vascular disease 
of the extremities. 


») 


2. Tetraethylammonium chloride does not 


increase and may decrease the circulation in 
the sympathectomized extremity in the pres- 
ence of peripheral vascular disease and should 
not be used in the therapy of such patients. 
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Recording and Visual Oscillometry by a New 


Standardized Technic 


By Juuius A. OsuHiac, M.D.,t anp A. WitBur Duryes, M.D. 


Oscillometry offers knowledge of clinical importance, yet its value in presently used apparatus 
has recently been questioned. The criticisms include shifting base line, parallax in visual reading, 
aging of rubber parts with consequent loss of elasticity, friction and inertia of writing mecha- 
nisms, and failure to standardize. The method suggested below obviates these defects. 


HE CLINICAL oscillometer measures 

the expansion of a segment of an ex- 

tremity occasioned by the systolic 
inflow of blood, when that segment is sub- 
jected to various degrees of pressure. It has 
been stated that plethysmographic results 
represent the ultimate circulation while the 
oscillometer deals with the penultimate circu- 
lation.? While total or ultimate flow cannot be 
determined with the oscillometer as yet, com- 
parison of the systolic expansion of various 
segments of an extremity and of identical 
segments of the contralateral extremity offers 


clinical knowledge difficult to gain by other 


means. 

Various investigators have questioned the 
value of the oscillometer in recent years. We 
believe that this has been the result of certain 
defects found in oscillometric apparatus avail- 
able up to this time. In visually read oscillom- 
eters the frequent shifting of the base line 
of the moving needle, and to a lesser extent 
the phenomenon of. parallax, make accurate 
reading extremely difficult. Standardization 
has not hitherto been provided for. Gross 
inaccuracy thus appears when comparison of 
readings taken on two different instruments 
is attempted. Indeed, inaccuracy is to be antici- 
pated in comparison of readings taken on the 
same piece of apparatus when sufficient time 
has elapsed between the readings for aging 
to have affected the elasticity of the rubber 
cuff and other rubber parts. Inability to in- 
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tal, New York, N. Y. 

+t Deceased, November 9, 1949. 


crease the sensitivity of previous oscillometers 
when needed constitutes an additional im- 
portant defect. It has not been uncommon in 
the past to observe no oscillation when attempt- 
ing to measure segments of some limbs in 
which the appearance of vitality or actual 
palpable pulsations gave strong evidence that a 
certain minimum of circulation existed. The 
instruments previously developed solely jor 
visual reading have, of course,.no means of 
making a permanent record. Those developed 
tor the purpose of obtaining permanent records 
have been difficult to read visually, since no 
provision is made for the maintenance of 
pressure at any one level for a period long 
enough to permit accurate reading. Errors due 
to friction of pen and paper writing, to the 
overthrust of comparatively heavy writing 
arms, etc., are also to be found in older re- 
corders. The expense of construction of the 
latter machines has been considerable. 

The apparatus and method described below 
permit a standardized permanent record of the 
systolic expansion of segments of limbs to be 
made on photographic paper. Visual reading, 
though not preferred, may be made without 
the difficulty of shifting the base line and 
without error introduced by parallax. Sensi- 
tivity may be varied when needed. A minimum 
of moving parts has considerably reduced the 
possibility of error. Recording is without 
friction, being accomplished by a shadow within 
a beam of light. The expense of attaching the 
apparatus to a standard electrocardiographic 
‘amera is but very slightly more than the cost 
of the average visually read oscillometer.* 

* As presently designed, apparatus and methed is 
for use only with the Cambridge Simplitrol. 
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METHOD AND APPARATUS mercury or aneroid manometer, inflating bulb, 


(-cillometrie readings are basically de- and valve remain attached, and the ordinary 


penient upon the expansion of a segment of 
an oXtremity against a confined, encircling, 


LIGHT SOURCE ( 


PROTECTIVE. LEAK------ 
RIGID CUP. 

RUBBER CUP*s, 

CLOTH CUP‘, *s 


‘ 


sphygmomanometer, thus, is utilized just as 


in measuring the blood pressure. Oscillometric 


UTAMBOUR 


¢ 


b 


CAMERA 


Fig. 1. Diagram of apparatus, showing cuff applied around arm. The location of the cup in relation- 
~hip to the artery is not important for comparison readings. 


inflat'd rubber cuff. Since the single rather 
than the double cuff is recommended for 
Measurement of the oscillometric index,' the 
cloth-covered rubber bag of any  sphyg- 
mMom:nometer is satisfactorily used. The 


measurements are made by amplifying and 
recording the pressure changes occurring within 
the rubber bag with each systolic inflow. 
Pressure changes within the inflated rubber 
cuff are transmitted laterally to the walls of 
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the cuff. When one section of the outer wall of 
the rubber cuff lies snugly against the open 
portion of a stationary rigid cup, the interior, 
of which is maintained at atmospheric pressure, 
the expansion of this section is appreciable 
and quantitatively measureable for it forms a 
responsive diaphragm for the rigid cup. Th 


concavity surrounding the periphery of the 
central cup, the other leads to the central cup 
itself. 

The plastic cup is slipped between the cover 
cloth and the outer wall of the rubber bay of 
the sphygmomanometer arm piece so that the 
opening of the cup lies against the rubber «nd 


Fic. 2.—Oscillometric curve from left calf of normal subject. Deviations from lower base line 
indicate level of pressure at which reading was obtained. Each large deviation represents 30 mm. 
Hg., and each smaller one 10 mm. Hg. The curve starts at 200 mm. and in steps of 20 mm. drops to 
40 mm. Oscillometric index is found at 80 mm. See text for standardization used in this and succeeding 


illustrations. 


A curve obtained immediately afterward under the same conditions with a visual oscillometer 
gave the following readings: 200 mm.: 0.2; 180 mm.: 0.5; 160 mm.: 0.75; 140 mm.: 1.0; 120 mm.: 1.6; 


100 mm.: 2.7; 80 mm.: 4.0; 60 mm.: 2.4; 40 mm.: 0.6 


Shifting of the base line noted in several recordings indicates the presence of a minute leak in the 


limb piece-sphygmomanometer system. 


cup is made of a light plastic in the shape of a 
disc, is approximately 1? inches in outside 
diameter with a height of 2? inches. The open 
face of the cup is double ridged at the edges. 
The diameter of the larger central concavity 
of the cup is 14% inches. Two metal leads pro- 
ject from the cup. One of these affords access 
of air at atmospheric pressure to the small 


so that the metal lead from the major cavity 
of the cup warely projects through the opening 
in the cloth cuff through which the tubes to 
the rubber cuff enter. The limb piece of the 
oscillometer thus consists of a spliyg- 
momanometer with a small segment of the 
rubber cuff acting as a diaphragm bea ing 
with each expansion within the cuff against 
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the atmospheric pressure of the recording 
sysem. Coarse adjustments in the sensitivity 
of ‘e instrument may be made by varying the 
siz. of the plastic cup. Larger or smaller cups 
wil! inerease or decrease the recorded oscil- 
lations, respectively. 

\ light rubber tube of convenient length 
leas from the metal outlet of the central cup 
to ‘he recording system proper. Inserted into 
the rubber tube is a metal air vent which 
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somewhat for ease in commercial manufacture 
by the engineers of the Cambridge Instrument 
Company. The tambour consists of a thin 
rubber diaphragm fastened to a plastic capsule. 
From one edge to the center of the diaphragm 
is cemented the base of a thin aluminum pointer. 
The pointer turned at right angles to the base 
projects away from but in the central axis of 
the diaphragm. When mounted on the electro- 
‘ardiograph the pointer projects into the light 
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Fic. 3.—Tracings of right calf and lower leg 
minutes after removal of subject from high environmental temperature (84 F.; 29.0 C.) to air con- 


ditioned room (66 F.; 19.0 C). Oscillations were reduced 1.5 mm. in the calf tracing and 4.75 mm. in 
ihe lower leg. Only the oscillometric index is illustrated. 


serve: the purpose of maintaining the recording 
system at atmospheric pressure at all times, 
exce}! when it is desired to transmit oscillatory 
pressitre waves from the rubber cuff to the 
recoiling tambour. The vent is small enough 
to b completely closed with the finger tip 
for ‘is purpose. 

The recording tambour was originally de- 
scribed by Henny, Boone, and Chamberlain* 
for »-cording the carotid pulse simultaneously 
with the electrokymogram, and modified 


above ankle taken immediately before and twenty 


beam and casts a shadow on the visible white 
scale and on the recording paper. Two brass 
screws are found on the supporting mechanism 
of the tambour. The first moves the entire 
tambour and its housing in or out of the light 
beam. The second, by rotating the rubber 
diaphragm permits rotation of the plane of 
movement of the pointer from one at right 
angles to the light beam to one that lies in the 
direction of the light beam. Thus the amplitude 
of motion of the shadow of the pointer varies 
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from its maximum to no excursion. Standardi- 
zation of the instrument and adjustments of 
sensitivity for almost all clinical work may be 
made easily by rotation of the rubber dia- 
phragm. 


RIGHT 


latory movements is comparatively simple, 
but recording by means of the electrocardio- 
graphic camera at normal speed is preferable, 
We have found it convenient to use the stand- 
ardization current of the electrocardiograp tic 


LEFT 


Fic. 4.—Subject with moderate symptoms of occlusive vascular disease in the left lower ex- 
tremity. There is a difference in amplitude of oscillation amounting to 6 mm. in the lower thigh, 
5mm. at the calf, and 1.5 mm. at the foot when oscillometric indices here presented are compared. 


Movements of the shadow of the pointer fall 
upon the white scale of the electrocardiograph. 
The phenomenon of parallax is therefore not 
involved, and if the entire system is without 
air leak, movements of the shadow are constant 
and without the shifting of the base line at 
each pressure measured. Reading of the oscil- 


string to indicate the air pressure levels within 
the rubber cuff, using 3 millivolts for eac!: 30 
mm. increment of pressure as measured by the 
mercury manometer and 1 millivolt for cach 
10 mm. increment. 

In order to obtain a standardized record, 
valibration is necessary prior to any recording. 
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LEFT CALF 


RIGHT CALF 


80 70 60 50 
Fig. 5.—Subject with symptoms of severe occlusive vascular disease in the right lower extremity. 
Full oscillometric curves of the left and right calves are presented with tracings made on an older re- 
cording sphygmomanometer for comparison. The figures below each record represent the blood 
pressure in mm. Hg. at which the tracing was obtained. The curve is not a single tracing, each wave 


having been clipped from its own small recording. 
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Standardization may be accomplished by 
wrapping the sphygmomanometer cuff about 
a solid cylindrical object with a diameter of 
approximately 33 inches. The cuff is then in- 
flated to a specified level, the air vent closed 
and the pressure dropped slowly in the cuff. 
During this procedure the shadow of the 
needle will move. Amplitude of shadow move- 
ment for any specified drop in pressure may 
then be adjusted as desired by rotation of the 
rubber diaphragm. Our early records (and 
those used in the illustrations) were made 
using a tambour not possessed of the rotating 
mechanism necessary for varying the amplitude 
of the string shadow. Sensitivity for this appa- 
ratus was thus constant. Using one particular 
sphygmomanometer it was found that a drop 
of + mm. of the mercury column from 110 
mm. to 106 mm. occasioned a movement of 
the needle shadow of 25 millimeters. For the 
past eight months at the New York University 
Hospital Clinic we have had the newer type 
of tambour available and have standardized 
our records so that a drop of 10 mm., from 100 
mm. to 90 mm., caused a shift in the needle 
shadow of exactly 10 millimeters. It is to 
be noted that this method of calibrating the 
entire system compensates for variance in the 
elasticity of different rubber cuffs and dia- 
phragms, and for the aging processes of these 
rubber parts in the same apparatus. As pointed 
out above, if gross changes in sensitivity seem 
desirable for some special problem, the size of 
the plastic cup may be varied. We have not 
found this necessary up to this time. 
Following calibration and notation of the 
standard used, a record is made by applying 
the cuff of the sphygmomanometer to the part 
of the extremity to be studied, the cuff in- 
flated to a point above the local systolic 
pressure, the air vent closed with the tip of the 
finger and the movements of the needle 
shadow observed. A camera recording of the 
oscillations and markings, indicating the 
amount of air pressure in the cuff, should be 
made at this time. Upon completion of the 


recording of several waves, the air leak should 


be opened at once. The pressure in the cuff 


should then be dropped in increments equiva- 
lent to 10 mm. of mercury, and _ recordiiigs 
taken of oscillations occurring at each now 
lower pressure. For purposes of economy we 
have occasionally made visual readings »nd 
then recorded the oscillations which appeaved 
largest as well as those 10 mm. above «snd 
those 10 mm. below the maximum exeursicns. 
The records above and below the obser ed 
maximum constitute a check on the accuricy 
of visual observation since on measuremen! of 
the finished records both should be = smailer 
than the oscillations chosen visually as the 
largest. 


CuinicaLt Usr 


The apparatus and method described have 
now been in use for approximately eight 
months in the peripheral vascular disease 
clinic at the New York University Hospital 
and for over two years in the private practice 
of one of us (J.A.O.). Studies have. been made of 
the progress of vascular disease, of the effective: 
ness of vasodilating drugs and of sympathetic 
blocking procedures. The instrument has 
proved of particular value in determining the 
amount of spastic component present in the 
najor arteries in various peripheral vascular 
diseases by taking records before and _ after 
vasodilating procedures and in determining 
the level of effective circulation following 
acute vascular occlusions. 

These observations have made it obvious 
that the role of oscillometry in the study of 
peripheral vascular disease must be re-evalu- 
ated, using this new technic. Studies for this 
purpose are under way and will be reported 
subsequently. 


COMMENT 


In developing this technic for oscillometry 
we have attempted to overcome the defects 
which we feel have hitherto made oscillometry 
unsatisfactory. Shifting of the base line does 
not occur if the system is leak-tight. Para'lax 
in visual observation does not exist since the 
observed oscillations are those of a shadow 
thrown directly onto a fixed scale. Oscilla‘ ion 
may be observed for as long a period as se: ms 
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n-cessary for accuracy. There are no mechani- 
¢:| joints nor is there friction in the writing 
mn -chanism. Amplification is produced by the 
in-reased excursions of the tip of a rigid 
pointer swinging through an are and_ the 
optical system of the electrocardiograph. 
[) stortion and error in amplification are thus 
relueed to an inappreciable minimum. Stand- 
aidized records are obtainable and it is possible 
to vary the sensitivity of the apparatus grossly 
b, using smaller or larger segments of the 
rubber cuff as a diaphragm. Finer adjustments 
in sensitivity may be made by rotating the 
plane of movement of the pointer in its relation 
to the fixed beam of light. 


SUMMARY 
1. A new technic for obtaining oscillometric 
measurements is described in detail. 

2. Standardized records are obtainable. 
3. Several sample records are exhibited. 
REFERENCES 
1 FRIEDMAN, I., AND OUGHTERSON, A. W.: Oscillom- 
etry. Library of Med. and Surg., Suppl. 1938. 
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Vasomotor Reactions to Heat among Patients 
with Arterial Disease 


By Travis Winsor, M.D. 


Plethysmographic studies of the vasomotor reactions of the digits accompanying body heating 
were of value in the early detection of peripheral arterial disease. In normal individuals, labile 
vasomotor activity was shown by great changes in digital volume (a large pulse, alpha and beta 
waves). These changes were diminished or absent in patients with peripheral arterial disease. 


T HAS long been recognized that the re- 

sponse to body heating, as demonstrated 

through measurements of the resulting 
changes in the skin temperature of the extremi- 
ties, permits a gross but useful estimate of the 
vasomotor reactions in patients with arterial 
disease.'-* In the meantime, the plethysmo- 
graphic method has been considerably improved 
through the introduction of a portable ap- 
pliance® as well as of a set of terms describing 
the characteristic wave forms in the plethys- 
mogram.!° Through application of this method 
it has now become possible to ascertain the 
finer details of the vasomotor responses to body 
heating as they become apparent in the digits 
of normal individuals as well as of patients with 
arterial disease. Thus, characteristic patterns 
can be distinguished, which may prove of con- 
siderable aid in the diagnosis of peripheral 
vascular disease. 

Vasomotor reactions to body heating were 
studied in 20 normal individuals and 20 patients 
with arterial disease. The age of the normal 
individuals varied between 19 and 28 years, 
with an average of 21 years; 16 were men, four 
were women. Of the patients with arterial dis- 
ease, 14 had arteriosclerosis obliterans, while 
6 suffered from thromboangiitis obliterans; in 
ten instances, arterial disease had progressed 
to ulceration of heel, foot or digits. 


From the Department of Medicine, University of 
Southern California Medical School, and the Nash 
Cardiovascular Foundation, Hospital of the Good 
Samaritan, Los Angeles, Calif. 

These studies were supported in part by grants 
from the A. M. Roberts Memorial Fund of the Los 
Angeles Heart Association and the Los Angeles 
County Tuberculosis and Health Association. 


<xperiments were conducted in a room with 
a temperature of 25 C. + 1.5 degrees, the air 
velocity amounting ordinarily to less than 8 
feet per minute, but at no time exceeding 12 
feet per minute. In normal individuals, conirol 
tests were first carried out, following a rest 
period of sixty minutes’ duration, with the sub- 
ject lying on a horizontal bed, dressed in a 
hospital gown and covered with one light 
woolen blanket. 

Body heating was accomplished by cover- 
ing the individual with two woolen blan- 
kets, as well as two electric pads measuring 34 
x 64 em. One pad was placed horizontally 
across shoulders, arms and chest, and the other 
longitudinally upon the legs. The pads were 
applied warm and were inserted between the 
blankets, which were tucked snugly about the 
neck, while fingers and toes remained exposed. 

The Cambridge pneumo-plethysmograph 
was employed,°: "' and the plethysmogram was 
standardized so that volume changes were ob- 
tained in cubic millimeters per 5 ec. of tissue 
per second. The amplitude of pulsations was 
recorded in cubic millimeters per 5 cc. of tis- 
sue. 

A digital cup was fastened to the right or 
left second toe with a non-constricting sealing 
material.'?: '> The blood flow of the digits was 
determined through venous occlusion." ‘The 
collecting cuff was placed at the wrist or ankle 
and in selected cases at finger or toe. Venous 
occlusion was ordinarily accomplished by 
quickly inflating the collecting cuff to a pres-ure 
of 60 mm. Hg. Lower pressures were emploved 
in selected patients with arterial disease. f !ow 
rates obtained with the collecting cuff at the 
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wrest or ankle are referred to as relative flow 


rats. 
W.veES OF THE NoRMAL PLETHYSMOGRAM 


(rdinarily, at least five different types of 

waves can be recognized in the plethysmo- 
grim! 4; pulse, respiration, alpha, beta and 
gama waves (fig. 1). 
“The pulse wave represents changes in the 
digital volume, which are primarily influenced 
by cardiac output, caliber of arteries and 
arterioles, as well as tissue distensibility. Con- 
tour, frequency and amplitude of the pulse 
wave are often modified through arterial dis- 
ease.>-!® The contour of the pulse wave in the 
plethysmogram is not unlike that of the arterial 
pulse wave. The dicrotic notch can ordinarily 
be observed in the plethysmogram of normal 
individuals resting in a comfortable environ- 
ment, and it becomes more prominent following 
body heating. In the plethysmogram of patients 
with advanced arterial obstruction, on the other 
hand, it is, as a rule, not possible to detect a 
dicrotie notch, even after body heating. The 
frequency of the wave is determined by the 
pulse rate. The amplitude of the pulse wave in 
the plethysmogram is constant only in the 
presence of extreme vasodilatation or vasocon- 
striction, but varies when the sympathetic tone 
is labile, as especially in normal individuals at 
sase in a comfortable environment. The ampli- 
tude is reduced under the influence of cold or 
pain, and by many emotional states, especially 
startle, fear, fright, anxiety, and probably em- 
barrassment, as well as by certain mental proc- 
esses, as for example simple multiplication. It is, 
on the other hand, increased through relaxa- 
tion, contentment and sleep, and also by med- 
ication with nitroglycerin and prostigmine, as 
well us through general anesthesia and spinal 
and peripheral nerve block.?° 

‘The respiration wave is an expression of in- 
con-iant variations in the digital volume, de- 
pen ent upon pulmonary activity.”': * Inspira- 
tion ordinarily produces decrease of digital 
voli;me; expiration results in rise in systemic 
blow! pressure and concomitant increase of 


dig) al volume.”*-26 Contour, frequency and am- 
plit de of respiration waves depend not only 
on ‘ype and frequency of respiration but also 


on numerous other factors; the waves may, for 
instance, be small or entirely absent in patients 
with arterial disease, and become occasionally 
more conspicuous under the influence of body 
heating. Respiration waves are generally more 
pronounced in the fingers than in the toes, 
presumably because of higher vasomotor tone 
in the lower extremities. 

The alpha, beta and gamma waves result in 
all probability from changes in vasomotor tone, 
and are of lower frequency than the other 
waves. These waves are often independent 
of variations in the blood pressure” and under 
carefully controlled conditions show a charac- 
teristic rhythmic pattern. Contour and ampli- 
tude of alpha, beta and gamma waves are sub- 
ject to numerous influences: they are enlarged 
through contentment, sleep,” and mild body 
heating, but are reduced through anxiety or in 
patients suffering from certain types of arterial 
or tissue diseases. Alpha waves in the plethys- 
mogram may or may not be accompanied by 
beta and gamma waves.” In addition to 
changes in vasomotor tone, gamma waves are 
dependent on shifts in tissue fluids?’:*° and 
also on variations of the temperature in the 
immediate environment of the digit. 


INFLUENCE OF Bopy HEATING ON THE 
PLETHYSMOGRAM OF HEALTHY AND 
DISEASED INDIVIDUALS 


The results of the previously outlined exper- 
iments lead to the conclusion that normal 
individuals, patients with moderate arterial 
disease without ulceration, and patients with 
advanced arterial disease with ulceration of the 
extremities show distinct differences in their 
respective vasomotor reactions toward body 
heating. 

In the plethysmogram of a normal individual, 
application of damp towels to legs and trunk 
for a period of five minutes resulted in low pulse 
and alpha waves, while no respiration and beta 
waves could be observed (fig. 2, 4). Clinically, 
the patient presented cool, white extremities 
with constricted veins, indicating a high grade 
of vasoconstriction as well as a markedly de- 
creased rate of blood flow. When, after removal 
of the damp towels, the body was covered with 
a sheet, the pulse waves increased in amplitude 
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and beta waves became apparent (fig. 2, B). 
A ‘racing made ten minutes after the patient 
ha been covered with a light woolen blanket 
ani two electric pads were applied revealed 
pulse waves of variable amplitude and mod- 
eruie size, as well as more prominent alpha and 
beta waves (fig. 2, C). Clinically, it was ob- 
served that the patient’s skin was warmer and 
hai a more pinkish appearance, due to in- 
creased blood flow and probably also to early 
release of vasomotor tone. A second blanket 
was added at this time, and after twenty-three 
minutes of body heating it was observed that 
the pulse waves were of variable amplitude, 
becoming larger with increasing digital volume, 
while the beta waves were regular and of high 
amplitude and frequency (fig. 2, D). Another 
plethysmogram made after heat had been ap- 
plied for thirty minutes showed further in- 
crease in the amplitude of the pulse waves, 
particularly at the apices of the beta waves. 
The alpha waves were less prominent than in 
earlier tracings, while the beta waves showed 
lower frequency combined with high amplitude 
(fig. 2, 2). After forty-five minutes of heat the 
amplitudes of the pulse waves were large and 
constant, but alpha and beta waves had become 
small (fig. 2, F). Clinically, the digits were hot, 
pink and damp, and with dilated veins, in- 
dicating a high degree of vasodilatation and 
little fluctuation in the vasomotor tone. 

Whenever the wave pattern in serial ple- 
thysmographie tracings shows these typical 
changes it may be concluded that the arterial 
sysiem is patent, the digital tissues possess 
normal distensibility, and the svmpathetic ner- 
vous system is intact. 

The relative toe flow, which after application 
of damp towels amounted to 4.0 cu. mm. per 
5 cc, per second, rose progressively to reach a 
value of 33.0 cu. mm. per 5 cc. per second after 
for'y-five minutes of body heating. This in- 
crexse of blood flow to the toe is not only due to 
a decrease in peripheral resistance but probably 
als. to greater cardiac output. 

ihe mean, maximum, and minimum values 
for pulse, respiration, alpha and -beta waves 
as well as the rates of blood flow to the toe 
obtained in tracings of twenty normal subjects 
at room temperature and during ten to forty 
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minutes of body heating are presented in table 
Pe 

The changes in the plethysmogram of pa- 
tients with moderate arterial disease without ul- 
ceration of the extremities, brought about 
through body heating, show characteristic dif- 
ferences from the response of normal individ- 
uals. This fact becomes clearly apparent in the 
tracings of a 42 year old woman who was 
hospitalized because of backache, menorrhagia 
and intermittent claudication of four years’ 
duration. After walking one quarter of a block, 
bilateral thigh and calf pains developed and the 
patient exhibited the ‘‘aortic waddle.”’ An ab- 
dominal systolic murmur was recorded. Oscillo- 
metric readings above the knees were 0.5 unit, 
above the elbows 6.0 units. Blood pressure above 
the knees amounted to 90 mm. Hg, above the 
elbow to 140 mm. Hg. The diagnosis was ar- 
teriosclerosis obliterans of the abdominal aorta. 

With the patient resting in a comfortable 
environment the pulse waves had an amplitude 
of 0.0 cu. mm., respiration waves were absent, 
alpha waves insignificant, while beta waves 
with an amplitude of 8.0 cu. mm. occurred at 
a frequency of one cycle per minute. The rela- 
tive blood flow to the toe was 1.5 cu. mm. 
per 5 ce. per second, (fig. 3, A). Following 
application of heat to the body for thirty-five 
minutes, the pulse wave increased to 0.5 cu. 
mm., respiration waves occasionally became 
visible, and alpha waves showed amplitudes of 
4. cu. mm. with a frequency of 6 per minute, 
while the amplitude of beta waves measured 
approximately 15:0 cu. mm. with a frequency of 
0.9 cycle per minute. Relative blood flow to 
the toe had increased to 6.8 cu. mm. per 5 ee. 
per second (fig. 3, B). 

The findings in this case are typical of the 
plethysmogram of patients with moderate ar- 
terial disease in which the contour of the pulse 
wave is often rounded, especially following ap- 
plication of heat, and the dicrotice notch remains 
indistinct. While thus a moderate lack of vaso- 
motor response becomes apparent, a sufficient 
degree of vasomotor activity is still encountered 
in patients of this type to suggest that benefit 
may be expected from medical treatment or 
sympathectomy. Subcutaneous injection of pro- 
stigmine, 1:1000, was carried out in 5 of a 
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series of 10 patients with moderate arterial 
dis-ase, and produced amplitudes of the pulse 
waves three times as large as those observed 
prior to medication, with the patient resting in 
a comfortable environment. Lumbar sympathe- 
tic block in 10 patients, spinal anesthesia in 4 
patients, as well as lumbar sympathectomy in 
5 patients resulted in an increase of the ampli- 
tudes of the pulse waves to four times the value 
of earlier readings with the patient in a comfor- 
table environment, and also caused almost com- 
plete disappearance of alpha and beta waves. 
At the same time, the rate of blood flow to the 
toe increased three to eight times. 

In the case mentioned above, right sympa- 
thectomy was advised. At time of operation 
the aorta was found to be small and firm, and 
an aortic thrill was detected. Seven days post- 
operatively the plethysmogram showed pulse 
waves with amplitudes of 0.6 cu. mm., alpha 
and beta waves were insignificantly small, and 
blood flow to the toe amounted to 5.7 cu. mm. 
per 5 ee. per second (fig. 3, C). Skin temperatures 
had increased 9 degrees C., and systolic blood 
pressure of the ankles was 10.0 mm. Hg. higher 
than preoperatively. Following uneventful re- 
covery the patient was able to walk eight blocks 
without pain, and unquestionably sympathec- 
tomy proved to be of subjective as well as 
objective benefit. 

The mean, maximum, and minimum values 
for pulse, respiration, alpha and beta waves 
as well as the rates of blood flow to the toe, 
obtained in tracings of 10 patients with moder- 
ate arterial disease without ulceration of the 
extremities observed at room temperature and 
during ten to forty minutes of body heating, 
are presented in table 2. 

In the plethysmogram of individuals with 
advanced arterial disease with ulceration of the 
extremities, only small changes can be observed 
following application of heat to the body, as 
evilient in the tracings of a 73 year old woman. 
A -mall ulcer appeared on the dorsum of the 
lef' fourth toe and she complained of pain in 

‘h legs on walking 50 steps. Systolic blood 

essure of feet, ankles, calves and thighs was 
distinctly lower than in hand, wrist, antebra- 
clam and brachium. The diagnosis was arterio- 


sclerosis obliterans of the abdominal aorta and 
popliteal artery. 

When the patient was resting in a comfor- 
table environment, no pulse, respiration, alpha 
or beta waves appeared in the plethysmogram 
(fig. 4, A). After fifteen minutes of body heat- 
ing, beta waves not exceeding 5 cu. mm. could 
be observed (fig. 4, B), but they were much 
less prominent, attaining not even to 2.0 cu. 
mm., when heat was applied for a period of 
thirty minutes (fig. 4, C). At the same time the 
relative rate of blood flow to the toe, which 
had increased from 0.1 cu. mm. per 5 cc. per 
second at room temperature to 1.1 cu. mm. 
per 5 ce. per second following fifteen minutes 
of body heating, again declined after thirty 
minutes to 0.1 cu. mm. per 5 ec. per second. 
This effect is probably due to vasodilatation 
of normal vessels elsewhere in the body, caus- 
ing the blood to be shunted away from the 
diseased extremity.*! 

Observations in a group of 10 patients with 
advanced arterial disease with ulceration of 
the extremities showed that evidence of vaso- 
motor activity following body heating was al- 
most completely lacking in the plethysmogram. 
This finding, together with a minimal increase 
in the relative blood flow to the toe, is indicative 
of severe organic arterial disease, while hardly 
any vasospasm is present, and only little col- 
lateral circulation available. It is therefore not 
surprising to find that 5 patients treated with 
subcutaneous injections of prostigmine, | :1000, 
showed no peripheral vascular response. In- 
travenous injection of tetraethylammonium 
chloride, 500 mg., also failed to produce any 
changes in the plethysmographie pattern. Lum- 
bar sympathectomy performed in 5 patients 
was not followed by any definite changes in 
the plethysmogram or by increased blood flow 
to the toe. This negligible benefit of surgery is 
clearly demonstrated in the case mentioned 
above (fig. 4, D). No significant postoperative 
improvement was observed in any of these pa- 
tients. 

The mean, maximum, and minimum values 
for pulse, respiration, alpha and beta waves 
as well as the rates of blood flow to the toe, 
obtained in tracings of 10 patients with moder- 
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ate arterial disease with ulceration of the ex- 
tremities observed at room temperature and 
during ten to forty minutes of body heating, 
are presented in table 3. 


A comparison of the submitted data shows - 


that the vasomotor changes following body 
heating produce characteristic differences in the 
plethysmographic wave pattern. Plethysmo- 
graphic tracings are, therefore, of great aid in 
evaluating the degree of arterial disease present, 
as well as in deciding on a course of therapy. 


SUMMARY 


The pneumo-plethysmograph was employed 
to study the vasomotor response to body heat- 
ing in three groups of subjects: normal individ- 
uals, patients with moderate arterial disease 
without ulceration of the extremities, and pa- 
tients with advanced arterial disease with ul- 
ceration of the extremities. The changes in the 
plethysmogram of normal individuals, occur- 
ring after body heating for varying periods of 
time, indicate the presence of marked vasomo- 
tor activity. Tracings of individuals with mod- 
erate arterial disease show, under the influence 
of body heating, wave forms of lower ampli- 
tudes, while in the presence of advanced arterial 
disease only marginal changes occur in the 
plethysmographic wave pattern. From these 
findings it can be deduced that in moderate 
arterial disease a diminished degree of vasomo- 
tor activity remains, yet sufficiently great to 
make medical treatment or sympathectomy 
advisable. In advanced arterial disease, on the 
other hand, vasomotor activity is almost com- 
pletely absent, and no substantial benefit can 
be expected from either form of treatment. 

Plethysmographic tracings can be of great 
aid in planning the most promising course of 
therapy in peripheral vascular disease. 
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Krythromelalgia Treated with Posterior 
Pituitary Extract: Report of a Case 


By M. Hitt Merz, M.D. 


Erythromelalgia is a rare vasomotor neurosis of the extremities, with no accepted form of treat- 
ment. Posterior pituitary desiccated powder administered by nasal insufflation has a vasoconstrict- 
ing action lasting for eight to twelve hours. With the use of this agent, one patient was protected 
from the incapacitating symptoms of erythromelalgia during the summer months. 


RYTHROMELALGIA is a rare vaso- 
motor neurosis of the extremities. The 
symptoms of this disease occur in the 

hands but are more often seen in the feet. 
These symptoms are redness and pain which 
are increased by warmth, by exercise, and by 
the dependent positions of the limbs. At first 
the distress is noticed in the heat of summer 
but in time it may extend into the winter 
months also. The pain is burning in character 
and is aggravated by walking, standing, and 
by the covering of bedclothes. 

The skin of the involved part will appear 
very pink and will be very sensitive and tender 
toany pressure. There arealwaysnormal arterial 
pulsations throughout the feet even when the 
pain is accentuated. The temperature of the 
skin is elevated and raising the foot above 
the heart level will lessen the burning sensation 
and the flush somewhat, but it will not pro- 
duce blanching of the skin as seen in other 
peripheral vascular diseases. Cool applications 
also quiet the discomfort. Some of the above 
symptoms are seen in association with other 
vascular diseases especially thromboangiitis ob- 
literans and arteriosclerosis, but the patient 
here reported showed no evidence of these 
diseases. 

Telford and Simmons! commented on the 
infrequency of this disorder and reported ex- 
cellent results in 3 cases following lumbar- 
sympathetic ganglionectomy. They were of the 
opinion that the good results elucidated some- 
what the nature of this disease. Smith and 
Allen? recommend 10 grains of acetylsalicylic 
acid several times daily for the relief of symp- 


From the Department of Internal Medicine, 
Southwestern Medical College, Dallas, Texas. 


toms. Munson* reported some improvement 


when epinephrine was administered either by 
injection or inhalation. 


CasE REPORT 


The patient, a 53 year old white man, first 
noticed burning pain and a pink color of: his feet 
for short periods during the warmest days o! the 
summer of 1947. There was no discomfort ‘during 
the following winter months. He was first inter- 
viewed on May 15, 1948, at which time he com- 
plained of an intense burning and increased warmth 
of both feet particularly of the plantar surfaces. 
The distress was interfering with his occupation as 
a contractor because he was unable to stand during 
the latter part of the day. There was improvement 
in the evening after a few hours in bed but not 
complete relief. He had learned to bathe his feet 
in cool water for quick relief. There were no sig- 
nificant former illnesses other than six months of 
nervous exhaustion fifteen years previously. He 
had noticed the symptoms to be increased, and it 
was necessary for him to stop work sooner, on days 
when tension and frustration were apparent. Com- 
plete physical examination and routine laboratory 
tests revealed no abnormality. The skin of both 
feet was very red and there was moderate perspira- 
tion. The pain was increased by palpation and 
stroking. The arteries pulsated normally everywhere 
and were not significantly thickened. 

It seemed reasonable to search for some drug or 
agent which would produce mild but prolonged 
constriction of the small blood vessels. Much ex- 
perience had been accumulated in the use of posterior 
pituitary extract in the treatment of peptic ulcer,' 
and it was felt that this hormone might be the best 
substance available for controlling the abnormal 
vasodilation. It was already known that this extract 
had a prolonged action when administered by nasal 
insufflation, and the studies of Wolf and Wolff® on 
human subjects with gastric fistulas had demon- 
strated its action to last for eight to twelve hours. 
The duration of vasoconstriction could thereby be 
clearly observed. 

This patient was instructed in the use of 3 grin 
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of posterior pituitary desiccated powder taken by 
nasi. insufflation after breakfast and at 5 p.m. 
daily. There was distinct improvement after four 
day~ treatment and then he was advised to take 
the »owder three times daily. He remained free of 
incapacitating symptoms and there was a definite 
dimiution of the red color of the skin. On August 
15 tie treatment was discontinued. In three days 
the pain had returned to such an extent that he 
eoul'’ work only a half day. Treatment was again 
started and again there was control of the skin 
temperature and discomfort. After October 1, 3 
grail! of the powder taken twice daily was sufficient, 
and by November | the daily temperature was such 
that treatment was discontinued. Only at infrequent 
intervals has the patient been annoyed during the 
winter months. Obviously no definite conclusions 
can be had from the result in one case of erythro- 
melalgia but it is hoped that this therapeutic sug- 
gestion will be pursued further in vascular clinics 
where a large number of cases of this rare condition 


is seen. 


SUMMARY 


The previously incapacitating symptoms of 
erythromelalgia were mild during the summer 


months for a patient who used posterior pitu- 
itary desiccated powder by nasal insufflation. 
This therapeutic approach is offered as a sug- 
gestion only, but it is hoped that those phy- 
sicians who interest themselves in peripheral 


vascular disease will see fit to give it further 
trial. 
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The Clinical Effect of Dihydroergocornine 
Methanesulphonate (DHO-180)’ in Arterial 


Hypertension: A Preliminary Report 


By R. M. Tanpowsky, M.D. 


A controlled clinical and statistical study of 47 unselected patients with sustained arterial hyperten- 
sion who received dihydroergocornine intravenously and orally is presented. The study demon- 
strates the central effect of this drug in temporarily lowering the systolic and diastolic blood pres- 
sure and pulse rate. This action occurs irrespective of associated pathology or extent of the 
hypertensive state when the drug is given parenterally. Orally, little effeet was demonstrated. 


ITH THE advent of surgical pallia- 

tion,' interest has been renewed in 

the relationship of the sympathetic 

nervous system to arterial hypertension. This 
method of approach has often failed because it 
does not utilize all of the physiologic compo- 
nents which take part in this syndrome. The 
neurogenic control of the hypertensive state 
must include complete interruption of central 
and peripheral pressor impulses, with analogous 
activation of the depressors, and an inhibitory 
effect on the heart rate through the vagus. 
Earlier investigators’~ felt that this effect could 
be accomplished by a chemical agent. Due to 
the necessity for induced narcosis in animals 
then under experimental study, the central 
effect of depressor drugs proved worthless. In- 
vestigation®: © demonstrated, however, both a 
peripheral and central rise of arterial blood 
pressure following the use of various ergot com- 
ponents, and this could be abolished by spinal 
cord section.’ In a few instances ergot deriva- 
tives produced a fall in blood pressure,* and this 
fall was found to be due to inhibition of adren- 
ergic function.* These studies suggested the 
presence of sympatholytic components in ergot. 
During 1943 the various alkaloids of ergot 


From the Department of Internal Medicine, Col- 
lege of Medical Evangelists and the Medical Wards 
of the Los Angeles General Hospital. 

Originally presented before the Third Inter-Ameri- 
can Cardiologie Congress held at Chicago, Ill., June 
13-17, 1948. 

* Material for this study furnished by the Sandoz 
Chemical Works. 


were isolated! and of these ergotoxine \W:s 
shown to consist of three alkaloid components: 
ergocrystine, ergocornine, and ergocryptine. 
Known polypeptides, they could be reduced by 
hydrolysis to lysergic acid, ammonia, one keto 
acid, and two varying amino acids. By further 
hydrogenation of the readily reducible double 
bond of lysergic acid, four distinct derivatives 
were isolated from the ergot alkaloids: dihydro- 
ergotomine, dihydroergocrystine, dihydroergo- 
cornine, and dihydroergocryptine. This reduced 
their toxicity and produced an appreciable sym- 
patholytic effect not seen in their predecessors." 
One of these alkaloids, dihydroergocornine, pos- 
esses a pure sympatholytic effect on the periph- 
eral blood vessels of man.” The reduction of 
arterial blood pressure by the chemical means 
now in common use is mainly accomplished by 
direct peripheral action. This effect is often 
transitory and leads to objectionable manifesta- 
tions because sympatholytic coordination of 
the higher centers is lacking. Compensatory 
acceleration of the heart rate results. Coordina- 
tion of the sympatholytic and vagus centers «p- 
pears to have a sound physiologic and pharma- 
cologic basis in the control of the hypertensive 
state. 

In this preliminary study we hope to show 
the usefulness of dihydroergocornine in sts- 
tained arterial hypertension. Being purely syin- 
patholytic, this derivative has low toxicity and 
small therapeutic dosage. As a central vasodil:\- 
tor we feel that it may prove of value in dis- 
tinguishing arterial hypertension of central ovi- 
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gin irom the more complicated types of this 
diseise seen clinically. Because this central et- 
fect does not produce sedation or narcosis, it 
ma\ prove of value in the palliative treatment 
of arterial hypertension, particularly of central 
orig n. It may also prove of value in the selec- 
tion of those amenable to surgical reliet and it 
ma\ assist in the estimation of postoperative 
response. The following procedure and clinical 
dat: are presented to support some of these 
conientions. 
MeEtTHop oF Stupy 


The patients with hypertension utilized for this 
study were either hospitalized and mildly sedated 
for « period of not less than five days or constituted 
an ainbulatory group under observation for a period 
of three months or more. All were placed on low 
sodium diets. A complete historical and clinical sur- 
vey was made prior to selection for study. Those 
selected retained a basal systolic and diastolic blood 
pressure level above normal throughout the entire 
period of preliminary observation. Prior to the 
intravenous use of dihydroergocornine, blood pres- 
sure and pulse determinations were made at fifteen- 
minute intervals for a period of not less than sixty 
minutes. Both the mercury manometer and the 
Tycos recording sphygmomanometer were used to 
provide a double check. Unusual emotional factors 
were allayed by mild sedation. One group of 12 sub- 
jects received control therapy in the form of distilled 
water, normal saline, or glucose intravenously under 
the guise of specific therapy for their hypertension. 
The entire group then were given well diluted di- 
hydroergocornine intravenously in dosage varying 
from 0.25 mg. to 0.5 milligram. Blood pressure and 
pulse determinations were recorded at fifteen minute 
intervals for a period of two hours and were ob- 
tained at intervals thereafter for twenty-four 
hours. When possible, this procedure was repeated on 
successive days, the dose being varied for the de- 
termination of cumulative effect. Biochemical, clini- 
eal observation, and electrocardiographic studies 
were nade prior to and after this medication; then 
each patient was placed on the same drug orally in 
doses varying from 0.75 to 24 mg. daily. Those on 
oral inedication were presumed to be ambulatory 
and were seen twice weekly. On each visit, prior to 
exainination, they were required to rest in a supine 
position for a period of thirty minutes. 


MATERIAL 


‘.e salient characteristics of the 47 patients re- 
ng DHO-180 intravenously are recorded in 
‘1, where the individuals are arranged primarily 
ding to the presence of congestive heart failure 
‘ardiae hypertrophy and secondarily according 
eir diastolic pressures recorded just before the 


administration of the drug. It will be seen from the 
data cited in the table, that the group included a 
great diversity of blood pressures and pulse rates, 
a broad range of ages, both sexes, and a considerable 
variety and degree of cardiovascular and renal im- 
pairment. Two of the group had submitted to un- 
successful paravertebral sympathectomy within one 
year of this study. We felt that all had sustained 
arterial hypertension which varied little psychoso- 
matically and was affected little by the methods of 
treatment now in common use. 


CLINICAL EFFECTS 

The 12 patients utilized for the control study 
received their injections with the same technic 
and clinical follow-up as those receiving di- 
hydroergocornine. No perceptible alterations in 
blood pressure or pulse rates were observed. 
These patients subsequently received dihydro- 
ergocornine. 

The effects of dihydroergocornine given 
intravenously in a single dose (in amounts 
indicated in table 1) were generally a reduction 
of the systolic and diastolic blood pressure and 
slowing of the pulse. Only in the aged and in a 
few patients with extreme renal damage was 
this effect so small as to be inconsequential. 

Detailed studies of the results obtained 
showed that the percentage reduction of the 
systolic pressure, diastolic pressure, and pulse 
rate was essentially identical in each patient 
of this series. Thus, if the systolic pressure fell 
to 80 per cent of the pretest reading, so also 
did the diastolic pressure and pulse rate; if one 
was unaffected so were the other two. In each 
time interval for two hours following medica- 
tion these three measurements tended to change 
simultaneously and equally, provided they were 
each expressed as a percentage of the pretest 
level. After twenty-four hours, however, the 
diastolic pressure had generally returned to the 
untreated level while the systolic pressure and 
pulse rate remained slightly reduced. Because 
of this mode of action it was decided to present 
the findings in terms of percentages rather than 
in millimeters of mercury or beats per minute. 
The systolic pressure at each interval following 
the injection of dihydroergocornine was there- 
fore expressed as a percentage of the pretest 
reading and the mean and standard deviation 
of these percentages for the 47 patients in this 
series were calculated at each time interval. The 
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DIHYDROERGOCORNINE IN ARTERIAL HYPERTENSION 


TaB_e 1.—Chief Clinical Characteristics of Forty-seven Patients Treated with Dihydroergocornine 


Methanesulphonate (DHO-180) Intravenously 


67 


53 | 
29 | 
68 | 
38 | 
48 | 


53 | 
53 | 
80 | 


Sex 


SeezryZs te tseeeeezt: 


Dura- 
tion in 
Years 


wore ow Sw 


‘vw © 


— 
t= or DH 


aA tn ee 
eae og @& 


bo 


~ 
> 


— 


—_ 
VION WNKHN NKR RK OF KF DN WW 


— 


Pre-test 
Blood Pressure 
and Pulse 


220 
190 
158 
194 
170 
194 
208 
160 
185 
215 
170 
190 
238 
206 
220 
218 
252 
192 
1SS 
236 
240 
170 
210 
188 
240 
174 


210/ 


210 
155 


250 


180/ 


124, 70 
120, 92 
110, S84 
104, 78 
100, 

98, 

78, 

70, 

70, 

138, 

70, 82 
110, 86 
108, 80 
78, 78 
138, 100 
128, 84 
126, 92 
124, 76 
120, 96 
120, 68 
120, 77 
110, 78 
110, 78 
110, 88 
108, 80 
108, 80 
106, 100 
106, 72 
100, 76 
105, 114 
100, 100 


215/ 86, 88 
144/ 78, 52 


192/ 


110, 87 


235/140, 80 


262/ 
208/128, 64 | 


130, 72 


180/120, 80 


214, 


/118, 90 


170/116, 70 


172/108, 88 
238/104, 68 
164/ 98, 82 


164 
168 


/ 88, 84 


72, 80 


Major Findings 


CH, LAD, AR 
LAD, H (r.CVA), HR 
CH, LAD, HR 
LAD, H, IB, uremia 
, CH, AF,HR, MRD 
( 
I 
( 


SS es Ss SaaS 


‘H, LAD, SA, HR 

sAD, HR, MRD 

‘H, LAD, AR 

‘F, CH, LAD, AF, GAS, AR 
sl. CF, LAD, RAsp, PS 2 yr. 
sl. CF, LAD, HR 

*, AR, MRD 

*, LBBB, HR, MRD 

*, GAS, HR 


~ Rr RRR RAAR A 


‘H, LAD, QT, r.CVA, HR, MRD 


1, 
1, RAsp, PS 1 yr., MRD 
1, LAD, HR, SRD 


k 
I 
K 
I 
I 
I 


‘ 


JAD 

JAD, LBBB, HR 

CH, RAsp, PS 1 yr., MRD 
CH, GAS, AR, MRD 
LAD, HR 

CH, LAD, H (0.CVA), HR 
LAD, AR 

LAD, HR, MRD 

LAD, GAS, GF, HR 

CH, LAD, HR, SRD 
LAD, GAS, HR 

CH, H, AR, HR, RAth, MRD 
CH, LAD, HR, SRD 
LAD, RAsp, R.TP 

LAD, PT, AR 

LAD, HR 

sl.CH, RAsp, MRD 

DA, QT, HR, MRD 

HR, MRD 

GAS, HR, MRD 

HR 


( 
( 
( 
( 
( 
( 
I 
I 


| GAS, AR, HR, MRD 
| MRD 
208/114, 72 


180/110, 95 


GAS, o.CVA, HR 
Marked RAsp 
o.CVA, MRD 


PT 
GAS, HR 


| GAS, AR 


* Los Angeles General Hospital, the others being private patients. 
AF: auricular fibrillation. AR: arteriosclerotic retinopathy. CF: congestive heart failure. CH: cardiac hyper- 
trophy. CVA: cerebrovascular accident. DA: dilatation of aorta. GAS: generalized arteriosclerosis. GF: gangrvne 
of foot. H: hemiplegia. HR: hypertensive retinopathy. IB: intraventricular block. LAD: left axis deviatinn. 
LBBB: left bundle branch block. MRD: moderate renal damage. o.: old. PS: paravertebral sympathectony. 
PT: popliteal thrombosis. QT: prolonged QT interval. RAsp: retinal angiospasm. RAth: retinal angiothro1- 


bosis. r.: recent. SA: aortic stenosis. sl.: 
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Concomitant Conditions 


Obesity 
Peptic Uleer 
Alcoholism 
Syphilis 


Obesity, hot flashes 
Obesity 


Paget’s Disease 
Arthritis 

Obesity 

Obesity 

Hypochromie Anemia 


Secondary Anemia 


Senile Dementia 


Obesity 


Syphilis 
Obesity 
Syphilis 


Obesity 


Obesity, Peptic Uleer 


Ventral Hernia 


Duodenal Uleer 


slight. SRD: severe renal damage. TP: toxemia of pregnancy. 
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diastvlie pressure and pulse rates were simi- 
larly treated. Finally, since these three measure- 
men's obviously changed equally, both in in- 
dividual patients and in the means ot the group 
as a Whole during the first two hours following 
med cation, an average of the three was made. 
The results are shown in table 2. 

It can be seen that the blood pressure and 
pulsi readings fell on an average to about 83 
per cent of their pretest readings (or were re- 
duced by 17 per cent). Since the individuals 
were found to be normally distributed about 
their mean or average (both in the entire group 
and in the numerous subdivisions which were 
studied statistically), when arranged arithmet- 
ically, it is permissible to utilize the standard 
deviations shown in the table to estimate the 
probability that patients of this kind will ex- 
hibit a given percentage reduction as a result 
of similar treatment. For example, one patient 
out of 6 may be expected from these studies to 
have a reduction in blood pressure and pulse 
rate of less than 5 per cent; about one-half 
should have a reduction of at least 15 per cent; 
and one in 6 may be expected to show a re- 
duction of 25 per cent or more. In view of the 
diversity of the group studied and in the find- 
ings noted it is not unlikely that these estima- 
tions may be good approximations of the effects 
of dihydroergocornine upon the pulse and blood 
pressure when administered in a single dose 
intravenously. 

With respect to the possible effect of age 
upon the percentage reductions in blood pres- 
sure and pulse rate, no significant differences 
were found except in a very small group aged 
70 years or more, where the drug had somewhat 
less effect than in those less than 70 years of 
age. However, in view of the smallness of the 
group and the absence of any age differences 
in the younger group, this finding should re- 
ceive no undue attention. Similarly it was noted 
that in the small group of patients with severe 
renal damage the blood pressure and _ pulse 
rates fell somewhat more slowly than was the 
case in patients with less renal damage, but this 
difference was observed only at the first  fif- 
ten-minute interval and whether valid or 
not 't would appear to be of little consequence. 

With these exceptions, the response to the 


drug was not significantly influenced by age, 
sex, congestive heart failure, cardiac hyper- 
trophy or left axis deviation, arteriosclerosis, 
angiospasm, degree of renal damage, dosage of 
the drug, the interval at which it was given, or 
the pretest level of the pulse or blood pressure 
when all calculations were based upon percent- 
age change of the postinjection readings in re- 
lation to preinjection readings. The large in- 
dividual variations observed in this series must 
therefore be ascribed to factors now unknown 
other than those just referred to. 


TaBLe 2.—Effects of dihydroergocornine methane- 
sulphonate (DHO-180) on the systolic and diastolic 
blood pressures and radial pulse rates, showing 
the mean percentage of the pretest reading (M) and the 
sample standard deviation, (S), for each measure- 
ment, and the average of the three types of measure- 
ment, al each time interval 


Per cent of Pretest Level 


Average of 
Systolic, 
| Diastolic 
| = ; {and Pulse 
|}M(%)| S |M(%)| S_ |Percentages 


| 


Systolic | Diastolic 


Pyls ate 
Pressure Pressure Pulse Rate 


Time after 
Administering 
DHO-180 

M(% S 


91.2) 8. 91.4 
86.5) 8. 85.5 
86.5] 9.7 85.3 
82 .3/10.5 83 .6 
82.7|10.3) 83. 
83.8)10. 83. 

82.8) 9. 84. 

83.8} 9.9 84.6 
| $9.3) 9. 92. 


we 
Qo 


5 minutes) 90.2) 9.0} 92. 
¥ .1)/11.7| 87. 
.8)11.1) 87. 

.1| 9.9) 86. 

010.1) 85. 

.2|10.4) 84. 

105 .8)10.8| 87. 
120 .6 10.8) 86.5 
24 hours 90.3/10.2| 98.0 
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Ten patients of this series received dihydro- 
ergocornine on two or more subsequent days in 
dosage varying from 0.25 to 0.5 milligram. In 
these the reduction of blood pressure and pulse 
rate was similar to the change that took place 
in patients receiving the single injection. No 
concrete evidence of cumulative action was 
demonstrated in this group. 

The oral use of dihydroergocornine failed to 
produce an appreciable reduction in the blood 
pressures or pulse rates of this group, irrespec- 
tive of the dosage given (0.5 mg. to 15 mg. 
daily). In this group it was administered in 
both liquid and tablet form. 

With respect to the toxic manifestations, 17 
of the 47 patients observed in this series had 
no untoward symptoms. The remaining 30 sub- 
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jects exhibited one or more of the effects shown 
in table 3. It will be noted that a majority of 
these reactions consisted of a transient ‘‘nasal 
stuffiness”’ which in no way disturbed the pa- 
tient. Only in two did we observe toxic manifes- 
tations which would be considered ‘“‘alarming.”’ 
These recovered spontaneously without addi- 
tional medication. Definite predictions con- 
cerning the frequency of uncommon events can- 
not reliably be made from samples of this size. 
It can only be stated at this time that reactions 
do occur with the doses used. There is no evi- 


TaBLeE 3.—Occurrence of various untoward reactions, 
showing the number of individuals exhibiting the 
indicated reaction out of the 47 patients treated with 
a single dose as indicated in table 1. Many of 
the individuals had two or more untoward effects; 
30 patients had some reaction; 17 patients had 
no untoward effect. 


Nasal ‘‘stuffiness’’ ee 
Dryness of the mouth.......... 
Nausea 

Vomiting 

Dyspnea. . 

Syncope........ 

Dizziness 

Weakness...... 

Faintness.... 

Tingling. . 

Lethargy... 

CE hort bash ren ka ee bes ok Soka wei 
Chills 

Cold and clammy 

Flushing 

Feeling of warmth. 

Impaired vision.... 

Delayed circulation 

Headache 

Sense of fullness in the head 
Tenderness of breast....... 


KEK NWR RK WN KF WNW NW WwW ek 
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dence that any particular type of patient is 
more or less likely to develop toxic effects of 
this drug. 

Follow-up laboratory studies revealed no 
change following the use of dihydroergocornine 
intravenously. Routine electrocardiograms re- 
corded prior to and immediately after the two 
hour period of clinical observation reveal only 
a slight variation in the polarity of the T waves 
in one or more leads in approximately 10 per 
cent of the group. Conduction time remained 
unchanged as did other electrocardiographic 
components. 


Discussion 

To be assured that only patients with sus- 
tained hypertension were chosen for this pre- 
liminary study, a careful historical survey was 
made on each patient and this was followed by 
daily clinical observation. Of the first 94 pa- 
tients with hypertension studied, all but 18 
were discarded since rest, induced sedation, 
and a low-sodium diet effectively lowered their 
blood pressures and pulse rates. The 47 paticats 
accepted retained an appreciable elevation of 
their blood pressures after the institution of this 
regime. The 12 control patients utilized failed 
to demonstrate an appreciable lowering of the 
blood pressure or pulse rate yet subsequently 
the administration of dihydroergocornine intra- 
venously produced an appreciable effect. ‘lwo 
patients included in this series had undergone 
unsuccessful paravertebral sympathectomies. 
In both we were able to demonstrate an ap- 
preciable reduction of both systolic and dias- 
tolic blood pressure and pulse rate following the 
use of dihydroergocornine. This effect would 
suggest the possibility of inadequate surgical 
section. 

The data presented here together with evi- 
dence cited earlier indicates that dihydroergo- 
cornine intravenously has a depressor effect 
upon the blood pressure and a slowing effect 
upon the heart rate; that the percentage re- 
duction in systolic pressure, diastolic pressure 
and pulse rate is the same for any given patient; 
and that this effect of a single dose is well 
maintained for at least two hours, and even 
persists for at least twenty-four hours so far as 
the systolic pressure and pulse rate are con- 
cerned. This result suggests that the hyper- 
tensive state in this group was at least partially 
induced through the action of pressor sub- 
stances on the sympathetic system and that the 
vasodilator and vasoconstrictor centers played 
an important role in this mechanism. Inasmuch 
as it has been shown that dihydroergocornine 
acts in the main as a sympatholytic agent, the 
results obtained support the neurogenic mech- 
anism of this syndrome. The slowing of the 
pulse is accomplished by the action of thus 
drug on the vagus center. We have demonst) 1- 
ted the abolition of this effect by the admin:s- 
tration of atropine to test subjects. The action 
of dihydroergocornine is unlike that of so-called 
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peripheral vasodilators in common use today. 
In ‘hese, vasodilatation is rapidly followed by 
cardiae acceleration. This action often produces 
a subsequent rise in arterial pressure which 
ma\ increase the load on the heart. Because 
bot!: a reduction of blood pressure and heart 
rate may appreciably reduce coronary flow, we 
fee! that the use of dihydroergocornine is con- 
traindicated in the presence of coronary artery 
disease. 

The ineffectiveness of dihydroergocornine by 
the oral route is probably due to its destruction 
by gastrointestinal ferments. This contention 
seems to be supported by the preliminary 
studies of one of our co-workers. 

Inasmuch as we were unable to demonstrate 
an appreciable cumulative effect by subsequent 
daily injections, we can assume that for the 
most part dihydroergocornine when given in- 
travenously is entirely dissipated from the body 
within twenty-four hours. 

Although toxic reactions were observed in 30 
of the 47 patients, they were alarming in only 
a few. A proper estimate of the incidence of 
serious reactions, and their relationship to dos- 


age can only be made from a much larger series 
of patients. Such reactions do not appear to be 
sufficiently frequent, however, to preclude fur- 
ther intensive study. 


SUMMARY AND CONCLUSIONS 


This preliminary study has demonstrated 
the sympatholytic effectiveness of a single dose 
of dihydroergocornine methanesulphonate, ad- 
ministered intravenously, to 47 patients with 
sustained arterial hypertension. The drug pro- 
duced an average reduction in both systolic 
and diastolic blood pressures and pulse rate of 
17 per cent or to 83 per cent of the pretest 
levels within a period of two hours. 

Although untoward reactions may occur from 
its use, these do not appear to be sufficiently 
frequent or of such severity as to preclude 
furt!er study. 

This drug offers hope as a palliative measure 
for ‘he treatment of arterial hypertension in as 
much as its sympatholytic action also embraces 
a sowing effect on the heart and a minimal 
cunulative effect. 

|' is felt that it may prove to be a valuable 
adjiinet in the selection of suitable hyperten- 


sive patients for surgical palliation because of 
its central action and because of our experience 
with two patients in this series. 
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The “Two-Step” Exercise Electrocardio- 
gram in Functional Heart Disturbances 
and in Organic Heart Disease: The 
Use of Ergotamine Tartrate 


By Arruur M. Master, M.D., Leon Porpy, M.D., Joserpu Kotkrr, M.D., anp 
Mortimer J. BLUMENTHAL, M.D. 


Patients with functional cardiac disturbances, including chest pain, may present electrocardio- 
graphic abnormalities (pronounced RS-T depressions and T-wave inversions) after the ‘2-step”’ 
exercise test which are indistinguishable from those found in organic heart disease. Ergotamine 
tartrate was employed intravenously in conjunction with ‘‘2-step” tests in 10 cases for the ob- 
jective differentiation of functional from organic heart involvement. However, ergotamine was 
found to be contraindicated as a routine for this purpose because of its anginal-provoking proper- 
ties. We have substituted dihydroergocornine (DHO-180), a newer, safer ergot alkaloid, in ow 


further investigation of this problem. 


HE DISTINCTION between organic 
heart disease and functional heart dis- 
turbance is a very practical one. The 
usual means of investigation are not sufficient 
for this differentiation. Thus a physical ex- 
amination, teleroentgenogram of the chest, 
fluoroscopy of the heart, and electrocardio- 
gram which yield normal findings do not rule 
out the possibility of occlusive disease of the 
coronary arteries. In approximately 25 per 
cent of patients with coronary artery disease 
the results of these examinations are entirely 
normal.'! Our personal experience has led us to 
believe that a typical history of angina pectoris, 
relieved by nitroglycerin, may occur even in 
patients with functional heart pain. 
The ‘‘2-step” exercise electrocardiogram and 
the 10 per cent oxygen test are being used with 
increasing frequency for the diagnosis of 


coronary artery disease when all other findings’ 


are normal, particularly those of the resting 
electrocardiogram.”: * Unfortunately, in a very 
emotionally unstable person, electrocardio- 
graphic abnormalities may appear even in 
such an objective examination as the “‘2-step”’ 
exercise electrocardiogram or the 10 per cent 
oxygen test. In other words, if the disturbance 


From the Cardiographie Department of the Mount 
Sinai Hospital, New York, N. Y. 


is functional, the electrocardiogram may be 
altered and altered in the same degree as it 
is in a patient with severe anginal syndrome 
due to coronary artery disease. Patients who 
are under severe mental or emotional tension 
and those suffering from anxiety neurosis or 
from severe neurocirculatory asthenia may 
have a positive ‘‘2-step’”’ electrocardiogram: 
The effect of emotion on the heart and on the 
electrocardiogram has been emphasized by a 
number of authors.*: ° 

Nordenfelt’ used ergotamine tartrate paren- 
terally for differentiating functional from or- 
ganic alterations in the _ electrocardiogram. 
Wendkos and Logue* used the drug in the 
differentiation of “‘sympathicogenic distortions 
of the T waves’ from those due to organic 
heart disease. Bidrck® reported the reversal 
of the electrocardiogram to normal during 
hypoxemia tests performed after the injection 
of 0.5 mg. of ergotamine tartrate in 9 of 10 
patients with functional heart disturbances. 


METHOD AND RESULTS 


Since the effect of ergotamine on the ‘‘Z-s' ep” 
electrocardiogram has not been investiga‘ed, 
we decided to study the action of this drug 
administered intravenously to 5 patients with 
definite occlusive disease of the coronary 
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arter'es and to 5 patients in whom there was 
yndcubted functional heart disturbance with- 
out any evidence of organic disease. In all 
10 cases the ‘‘2-step” exercise electrocardio- 
gram Was abnormal. 

Erzotamine is one of many pharmacologically 
active alkaloids derived from the fungus Clavi- 
eps purpurea and is available commercially 


CONTROL EXERCISE TEST 


Control Immed. 


Pic. i. 


pulse rate of 20 to 30 beats per minute was 
common, along with a rise in blood pressure 
of 20 to 40 mm. of mercury in both systolic 
and diastolic levels. Increase in amplitude of 
T waves was observed in the majority of 
subjects following the ergotamine injection 
(fig. 1). This change, however, did not affect 
the interpretation of either the control or 


TEST AFTER ERGOTAMINE 
Control 


Immed. 


In. F. (Case 2, table 1), a woman, 30 years of age, had anxiety neurosis and atypical angina 


pectoris. The physical examination revealed no essential abnormality. The control electrocardiogram 
made June 26, 1948) showed no abnormality, but immediately after the standard ‘‘2-step”’ exercise, 
RS-T depressions appeared in Leads Vy and II. Ergotamine tartrate, 0.3 mg., was injected intra- 
venously one hour later. The ‘‘2-step’’ exercise was repeated in fifteen minutes but no abnormal 


‘hanges were noted in the electrocardiogram. 


as the tartrate salt in a 0.1 per cent solution 
(Gynergen-Sandoz-N.N.R.).* Ergotamine tar- 
trate was administered intravenously in 0.3- 
to 0.5-mg. doses. After intravenous injection 
in al! 10 patients the effects of ergotamine be- 
cam marked in from fifteen to thirty minutes 
and lasted up to one hour or more. A drop in 


* The Gynergen for this study was kindly supplied 
by the Sandoz Company, New York. 


exercise electrocardiogram made following the 
administration of the drug. 

We chose 5 patients with functional heart 
disturbance (table 1) in whom physical ex- 
amination, teleroentgenogram of the chest, 
and fluoroscopy of the heart demonstrated 
no abnormality. The electrocardiogram, con- 
sisting of the three standard limb leads, the 
augmented unipolar extremity leads (aVr, 
aV,, and aVy), and the unipolar precordial 
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leads, V; to Vg, was normal. The age of these 
patients varied from 26 to 40 years; there were 
4 women and only one man. The symptoms 
of these patients were those related to cardiac 
arrhythmias and tachycardias. Emotional in- 
stability, cardiac neurosis with cardiophobia, 
and anxiety states were common. Two patients 


CONTROL EXERCISE TEST 
Control Immed. 15 min. 
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TWO-STEP EXERCISE ELECTROCARDIOGRAM 


to 0.5 mg.) was given intravenously about 
thirty minutes before the ‘‘2-step” exercise 
test was repeated, in every instance the electro- 
vardiogram made following exercise was of 
normal configuration. In other words, no 
RS-T depressions below the baseline or 
T-wave inversions appeared. This is_ illus. 


TEST AFTER ERGOTAMINE 
Control Immed. 


— a oo 


Fic. 2.—G. H. (Case 10, table 2), a woman 44 years of age, had an acute coronary occlusion one 
year previously. Control electrocardiogram made on April 28, 1948, showed Q-wave and T-wave 
changes in Leads II and III. Immediately after the standard ‘‘2-step”’ exercise distinct RS-T depres- 
sions appeared in Leads I, II, and Vy. On May 11, 1948, ergotamine tartrate, 0.5 mg., was injected 
intravenously and forty-five minutes later a repeat. ‘‘2-step’’ exercise test revealed RS-T depressions 


similar to those of the control exercise test. 


(table 1, Cases 3 and 5) gave typical histories 
of angina pectoris and both obtained slight 
but variable relief from nitroglycerin. 


The ‘2-step” exercise electrocardiogram 
showed positive changes in all 5 patients and 
the electrocardiogram made during the 10 
per cent oxygen (anoxemia) test demonstrated 
positive changes in four of these patients. 
However, when the ergotamine tartrate (0.3 


trated by Case 2, in table 1, which refers to 
a woman physician 30 years of age with anxiety 
neurosis and a one-year history of atypical 
angina pectoris. Physical examination showed 
no essential abnormality. A control eleciro- 
‘ardiogram was normal, but immediately a ter 
the standard “2-step” exercise the pattern 
was abnormal with RS-T depressions in Leads 
V, and II. Ergotamine tartrate (0.3 mg.) was 
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injected intravenously one hour later. After 
fifteen minutes, bradycardia and heightening 
of the T waves were noted; the ‘‘2-step” ex- 
ercise Was repeated, but no abnormal changes 
in the electrocardiogram occurred (fig. 1). 

The 5 patients with organic heart disease 
(table 2) all revealed a typical anginal syn- 
drome, with pain or pressure appearing after 
effort. Three of the patients were women and 
2 were men. Their ages ranged from 44 to 76 
years. Two of them had suffered coronary oc- 
clusions and four had hypertension. The 
resting electrocardiogram was abnormal in 2 
(Cases 6 and 10, table 2). Electrocardiograms 
made during spontaneous attacks showed ab- 
normality in all of these patients when oppor- 
tunity for making these tracings during the 
episode of chest pain presented itself. Nitro- 
glycerin brought relief to all. 

In the group of patients with organic heart 
disease the ‘‘2-step” exercise electrocardiogram 
showed positive changes following the standard 
exertion, but in every instance when this was 
repeated after intravenous injection of ergot- 
amine the electrocardiogram again showed 
abnormal patterns consisting of RS-T depres- 
sions and T-wave inversion. This is illustrated 
by Case 10, table 2, which refers to a woman 
44 years of age with a history of acute posterior- 
wall myocardial infarction one year previously 
and a four-month history of typical angina 
pectoris and marked dyspnea. Her blood pres- 
sure was 180/105. The control electrocardio- 
gram was abnormal with left-axis deviation 
and a QT pattern in Leads II and III. Im- 
mediately after the standard ‘‘2-step” ex- 
ercise, distinct RS-T depressions in Leads V4, 
I, and II appeared. Two weeks later, ergot- 
amine tartrate, 0.56 mg., was injected intra- 
venously and after forty-five minutes a repeat 
‘2-step” exercise test showed abnormal electro- 
cardiographie findings similar to those of the 
control exercise test (fig. 2). 

The anoxemia test (10 per cent oxygen) was 
performed in all the 5 patients with functional 
heart disturbance and was positive in 4. The 
anoxemia test was positive in 2 of tlie 3 patients 
With organic heart disease in whom this pro- 
ccdure was essayed. 


CoMMENT 


The observation of electrocardiographie ab- 
normalities such as RS-T segment depressions 
and T-wave inversions, which occur spontan- 
eously®:'° or during the hypoxemia test,® 
has been made several times in emotionally 
unstable individuals without organic heart 
disease. Certain authors have used ergotamine 
tartrate to prevent such changes.’:*:? We 
have also observed RS-T depressions and T- 
wave inversions following a standard ‘‘2-step’”’ 
exercise test in such patients and have likewise 
prevented their appearance by means of ergot- 
amine tartrate. 

Some moot issues arise in the understanding 
of these facts. The exact mechanism of altera- 
tion of the electrocardiogram in the RS-T and 
T-wave segments of patients with functional 
disorders is unresolved. Lability of the au- 
tonomic nervous system has been thought by 
several investigators to be causally related to 
the electrocardiographic deviations in such 
patients.’7-!° The resemblance of the RS-T and 
T-wave patterns to those of coronary in- 
sufficiency suggests that reduced coronary 
blood flow may be responsible even in the 
patients with functional heart disturbances. 
Mainzer and Kraus® believe that psychic im- 
pulses acting through the autonomic nervous 
system cause coronary vasoconstriction with 
resultant myocardial anoxemia and RS-T and 
T-wave changes. Direct evidence for this is 
lacking in man. The present state of knowledge 
concerning the effect of the sympathetic and 
parasympathetic nerves on human coronary 
circulation does not permit a final answer. 
Recent animal work'':' casts considerable 
doubt on the vasodilator actions of the sym- 
pathetic impulses on the coronary arteries. 

Another mechanism which has been sug- 
gested to explain the electrocardiographic 
changes in functional heart disturbances is 
autonomic nervous system effect on cardiac 
action potentials by directly influencing cellular 
metabolism or membrane properties.’ Scherf 
and Schlachman" state that direct sympathetic 
effects on the repolarization process occur. 
Various investigators have used drugs which 
act on the autonomic nervous system to abolish 
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electrocardiographic abnormalities in fune- 
tional cases.’: 5: ° It seems that these electro- 
sardiographic changes are closely related to 
the function of the autonomic, especially the 
sympathetic, nervous system. Although for 
years many investigators have been interested 
in this problem the precise influence in the 
electrocardiogram is not known.'*-!6 

How ergotamine acts to prevent the RS-T 
depressions and T-wave inversions is another 
moot issue. In animals, experimental doses (0.1 
mg. to 0.5 mg. per kilogram of body weight) pos- 
sess strong sympatholytic and adrenolytic prop- 
erties."”; '§ In man, clinical dosage of 0.5 mg. 
produces effects not readily explained. There 
is evidence that it does produce some sym- 
patholytic effects in clinical doses.'*:*° Its 
direct vasoconstrictor action on the arterial 
tree, however, masks many of the sympatho- 
lytic properties. The precise result of injection 
of a clinical dose depends on the size of the 
dose and the tonus of the sympathetic system 
at the time of injection. These two factors de- 
termine the vasoconstricting action of ergota- 
mine and a host of reflex changes which in- 
tegrate the heart and peripheral vascular 
tree.!9 

Although we had previously assumed‘ that 
ergotamine tartrate prevented the electro- 
cardiographic changes which followed exercise 
by sympatholysis, we now are of the opinion 
that this is problematic. If ergotamine were 
sympatholytic, according to the older concepts 
of coronary innervation it should favor coro- 
nary constriction. and would hardly tend to re- 
lieve the reduced coronary flow which has been 
postulated as a possible cause of the RS-T and 
T-wave deviations. Likewise the direct vaso- 


constrictor effect of ergotamine on the coronary 


circulation and the rise in blood pressure which 
increases the work of the heart both militate 
against the latter explanation. Obviously, the 
known effects of ergotamine which would tend 
to reduce the effective coronary blood flow are 
inadequate to explain its action in these fune- 
tional cases unless one introduces another and 
independent effect on cardiac action potentials 
which can compensate, in healthy hearts, for 
all the factors tending to favor relative myo- 


. ELECTROCARDIOGRAM 


‘ardial anoxemia. Its chronotropic effects 
(pulse slowing) suggest either a vagotonie ac- 
tion, sympathicolysis, a direct effect on the 
sinoauricular node, or a combination of these, 

Amidst all these theoretic uncertainties, 
the results of the experiment are quite definite, 
Consistent differences in the electrocardiogram 
made following the ‘‘2-step” exercise test and 
after the injection of ergotamine were shown 
by patients with functional heart disturbances 
and those with organic heart disease. In 
the former the electrocardiogram remained 
unchanged while in the latter it still beeame ab- 
normal after exercise. Sinus tachycardia, itself, 
may be associated with RS-T segment depvres- 
sions and must be excluded as a possible cause 
of such depressions following the exercise test. 
Examination of figure 1, illustrative of a fune- 
tional case, reveals that a physiologic tachy- 
‘ardia occurs on exercise before and after ad- 
ministration of ergotamine tartrate whereas 
RS-T depressions are present before but are 
absent after the administration of the drug. 
(Each complex in the illustrations represents 
a complete cardiac cycle from P wave to P 
wave.) Hence tachycardia per se is not. re- 
sponsible for the RS-T segment depressions in 
this case, nor in our other functional cases. 

It must be emphasized that ergotamine 
tartrate, despite its apparent usefulness, is 
not recommended for the differential diagnosis 
of such cases because of its widely known abil- 
itv’ to precipitate anginal seizures in true 
organic heart disease; this occurred in 2 of the 
5 patients with organic heart disease (table 2, 
Cases 7 and 9). In addition nausea and vomit- 
ing were frequent side reactions. 

Further studies on the relationship of the 
vegetative nervous system and the electro- 
‘ardiogram with the newer autonomic drugs 
may elucidate some of the problems raised in 
this discussion, and provide accurate, sale, 
clinical methods for distinguishing functional 
from organic heart disease. In view of the po- 
tential dangers associated with the use of 
ergotamine tartrate clinically, we are con- 
tinuing our investigations using new, saler 
agents. Dihydroergocornine (DHO-180) shows 
promise in this field. 
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SUMMARY 


|. Individuals with severe neurotic com- 
plaints may exhibit — elect rocardiographic 
changes, following the ‘‘2-step”’ standard ex- 
ereise test, indistinguishable from those of 
orgnnic heart disease. 

» The ‘2-step” exercise tolerance test was 
periormed in 10 patients with signs and symp- 
toms referable to the heart both before and 
after the intravenous administration of ergot- 
amine tartrate. In the 5 patients with fune- 
tional disturbances the ‘‘2-step” test was posi- 
tive before ergotamine administration but 
negitive following it. In the 5 patients known 
to be affected with organic coronary artery 
disease, the “2-step” test was positive both 
before and after the ergotamine injection. 

3. In psychoneurotic subjects, electrocardio- 
graphic aberrations may occur in the “2-step” 
exercise electrocardiogram; the exact mecha- 
nism of this is not known. The changes may be 
related to altered coronary blood flow, or to a 
direct effect of the autonomic nervous system on 
the electrical potentials of the heart or on ear- 
diac metabolism. 

!. Ergotamine, which prevents these func- 
tional ~=— electrocardiographie — abnormalities, 
exerts its action in a manner as yet unknown. 
The side reactions to ergotamine tartrate given 
intravenously were nausea, vomiting, and also 
angina pectoris in 2 patients with coronary 
urtery disease. The use of ergotamine is not 
recommended for differential diagnosis because 
of its angina-provoking properties in patients 
with definite coronary artery disease. Safer 
agents (dihydroergocornine-DHO 180) are 
heing investigated with encouraging results. 
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Influence of Saline, Papaverine, Nitroglycerin 
and Kthy! Alcohol on Electrocardiographic 
Response to Standard Exercise in 
Coronary Disease 


By Henry I. Russex, M.D., Ricnarp H. Smira, M.D., Wituiam 8. Baum, M.D., CHARLE: 
F. NAEGELE, M.D., AND FrepErRIc D. ReGan, M.D. 


Much disagreement exists regarding the value of vasodilator agents in the treatment of coronary 
disease. Opinions have largely been based upon observations of pharmacologic action of drugs in 
animals, uncontrolled clinical studies and analyses of a purely subjective index, that of pain, in 
patients with angina pectoris. A technie was devised, therefore, to study the modifying action of 
various drugs upon the electrocardiographic response to standard exercise. To have validity, the 
procedure could be carried out only in a patient showing constant electrocardiographic changes 
with each performance of the standard test. The present communication records the findings in such 


a patient who was studied in this manner. 


T IS routine procedure to employ vaso- 
dilator drugs in the treatment of coronary 
disease. Although pharmacologic evidence 

derived from animal experimentation'~* sup- 
ports this practice, the influence of drug ther- 
apy upon coronary reserve remains a cop- 
troversial issue. Some investigators®:* have 
reported no significant difference between the 
effects of commonly employed vasodilators and 
inert medications. Others,®:*~!° using clinical 
methods based upon purely subjective criteria, 
have concluded that beneficial response follows 
the administration of some of these agents. 


‘ 
« 
‘ 


Conclusions derived from such procedures may 
be strongly influenced by psychogenic factors 
and thus cannot be accepted unreservedly. Sim- 
ilarly, favorable effects previously attributed 
to various drugs in the treatment of coronary 
disease may have been the result of insufficient 
consideration of the natural course of angina.® 

At the present time, clinical electrocardiog- 
raphy offers the most objective means of eval- 
uating changes in the coronary circulation. 


From the Cardiovascular Research Division, U.S. 
Marine Hospital, Staten Island, N. Y. 

Aided by a grant from the National Heart Insti- 
tute, U.S. Public Health Service, Washington, D.C. 

Published with permission of the Surgeon General, 
U.S. Public Health Service, Federal Security Agency, 
Washington, D. C. 


Furthermore, it has been demonstrated that 
induced anoxemia in certain patients with coro- 
nary insufficiency is attended by appreciable 
electrocardiographic alterations." "= In such 
patients an opportunity might be afforded to 
study the modifying action of certain drugs." 
The ideal subject for observation would be 
one in Whom, under carefully controlled condi- 
tions, the use of a standard test would repeat- 
edly produce electrocardiographic changes of 
the same order. 

Having found a case fulfilling these criteria, 
an investigation of the comparative vasodilator 
effects of papaverine, nitroglycerin, and ethyl 
alcohol was undertaken, utilizing the Master 
“two-step” test.!?) ' 


Cask History 


The patient selected for study was a 50 year old 
white merchant seaman, who presented a history of 
angina of effort since 1940, at which time he sus- 
tained a myocardial infarction. During the ensuing 
years, he pursued his usual occupation as an elec- 
trical engineer. Nitroglycerin afforded him relief 
from attacks of substernal pain, which oceurred 
several times weekly. For the month prior to «d- 
mission to the hospital he noted an increase in the 
severity and frequency of these episodes. For a few 
days preceding admission he was unable to walk more 
than a block without experiencing substernal oppres- 
sion. ach attack lasted for a few minutes and Wis 
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relieved by rest or nitroglycerin. Family and _per- 
sorul past history were irrelevant. 

Physical examination revealed a well developed, 
sl tly obese white man. The left border of the 
heart was in the left midclavicular line. There was 

ft systolic murmur of Grade 1 intensity at the 
mitral area. Normal sinus rhythm was present, with 
a yate of 80 per minute. Blood pressure was 170/90. 
Tie lungs were clear throughout. There was no evi- 
dence of decompensation. The remainder of the 
plvsieal examination revealed no abnormality. 

feactions to Mazzini and Kahn tests were nega- 
tive. The urine, blood count, and nonprotein nitrogen 
value were normal. Roentgenologic examination of 
the heart showed no abnormal findings. Eleetro- 
cardiographie study revealed changes suggestive of 
left ventricular strain (fig. 1). Sedimentation rate 
was 15 mm. in one hour (Cutler). 
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ric. 1—Control electrocardiogram of patient 
(limb and multiple chest leads). 


Complete bed rest was instituted for a period of 
two weeks, following which time the patient became 
ambulant. There was appreciable clinical improve- 
ment as evidenced by increase of exercise tolerance. 
Serial eleetrocardiograms throughout the period of 
stuly revealed no significant changes. After one 
month of hospitalization the present investigation 
Was undertaken. 


PROCEDURE 


‘The patient remained under the standard hospital 
regiinen, being up and about the wards daily. Tests 
were performed in the research electrocardiographic 
lah ratory at precisely the same time each day, and 
by the same observers. Only one exercise test was 
per‘ormed in any twenty-four-hour period. Under 


these standard conditions the Master “two-step” 
test repeatedly showed RS-T segment depressions 
and T-wave changes of the same degree. Five such 
tests were recorded at varying intervals throughout 
the period of study. The materials used in testing 
were normal saline, papaverine hydrochloride, nitro- 
glycerin, and ethyl alcohol. The standard exercise 
test was performed on consecutive days as follows: 
(1) five minutes after intravenous administration 
of 4 ee. of saline; (2) five minutes after intravenous 
administration of 4 cc. (2 grains) of papaverine; 
(3) sixty minutes after oral administration of 6 
grains of papaverine; (4) ninety minutes after oral 
administration of 8 grains of papaverine; (5) five 
minutes after sublingual administration of 1/100 
grain of nitroglycerin. (6) Twenty minutes after oral 
administration of 45 cc. of ethyl alcohol. Each test 
was performed on at least two different occasions. 


RESULTS 

Inasmuch as the abnormal changes follow- 
ing the standard exercise test were in all in- 
stances most evident in the apical precordial 
lead (CF;), tracings of this lead are presented 
immediately following exercise, and at two- 
minute intervals thereafter during a ten-minute 
period (fig. 2). The control Master test showed 
considerable depression of the RS-T segment. 
amounting to 3 mm. immediately after exercise 
with progressive return to the resting control 
level after ten minutes. Although the T wave 
immediately after exercise was of increased 
voltage, subsequent tracings taken at two-min- 
ute intervals showed a varying degree of 
T-wave inversion, most marked in the four- 
minute tracing (where it was sharply inverted) 
with final return to an upright T wave at ten 
minutes. After four-fifths of the prescribed ex- 
ercise had been performed, the patient ex- 
perienced severe substernal pain lasting four — 
minutes. 

When the identical procedure was repeated 
five minutes after the intravenous administra- 
tion of 4 ce. of saline,* a distinctly positive 
response was recorded, but of lesser degree 
than that observed in the control. Thus, 
the RS-T segment depression was 2.5 mm. 
after completion of exercise and thereafter 
closely followed the control pattern. Similarly, 


* Intravenous tests employing saline and papa- 
verine were performed by the ‘‘blind’’ technic, in 
which the agent used remained unknown to the pa- 
tient and investigator until results were recorded. 
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Fic. 2.—Tracings showing apical precordial leads (CF;) obtained in performance of the Master 
test with and without the administration of various drugs. 


* T.I., time interval (minutes) between medication and beginning of test. 
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sienificant T-wave inversion was also observed 
in ‘he corresponding tracings although less pro- 
nounced than in the initial test. At the com- 
pl tion of exercise, the patient experienced mild 
substernal discomfort lasting one minute. 

Vhen the Master test was performed five 

utes after the intravenous administration 

| ce. (2 grains) of papaverine,* a distinct 

‘erence in the electrocardiographic response 
was observed. The RS-T segment showed little 
variation from the resting control level. The 
T wave was of increased voltage immediately 
after exercise, later diminishing in amplitude, 
particularly in the four- and six-minute trac- 
ines, but without ever showing inversion. The 
periormance of the test was not associated 
with the usual sensation of pain. 

Similar testing of the patient sixty minutes 
after oral administration of 6 grains of papav- 
ecrine (in capsule form) revealed significant 
electrocardiographic changes which, however, 
were distinctly less marked than those ob- 
served without medication or following the 
intravenous administration of saline. The RS- 
T segment was depressed 1.5 mm. immediately 
following exercise, and gradually reverted to 
the resting control level. Correspondingly, the 
T wave was of increased voltage at first, dimin- 
ishing thereafter to become slightly inverted 
in the four- and six-minute tracings, where 
the only significant change as compared to 
the resting control was observed. The patient 
experienced minimal substernal discomfort. at 
the completion of exercise lasting one minute. 

‘The electrocardiographic response to exer- 
cise ninety minutes after the oral administra- 
tion of 8 grains of papaverine (in powder form) 
revenled a depression of 1.5 mm. in the RS-T 
segment initially with complete reversion to 
the resting control level in six minutes. T-wave 
inversion Was not observed throughout the en- 
tire ten-minute period, although the T wave 
Was of slightly lower voltage in the six- and 
eight-minute tracing as compared to the resting 
control. The patient experienced minimal sub- 
sternal discomfort at the completion of exercise 
lasting one minute. 

‘The initial tracing recorded when the Master 
tes! was performed five minutes after the sub- 


See footnote, page 701. 


lingual administration of 1/100 grain of nitro- 
glycerin, showed an RS-T segment depression 
of 1.5 mm.; subsequent tracings revealed a 
gradual return to the resting control level after 
ten minutes. The T wave remained upright 
throughout, although in the four-, six-, and 
eight-minute tracings it was of lower voltage. 
The patient noted no pain in this test. 

The electrocardiographic response to exercise 
twenty minutes after the oral administration 
of 45 cc. of ethyl alcohol (rye whisky - 95 proof) 
showed a depression of the RS-T segment. of 
1.5 mm., with return to the resting control 
level in eight minutes. There was an initial 
increase in the voltage of the T wave, which 
subsequently became inverted, and remained 
so for the ensuing ten minutes. This response 
showed a similarity to the one previously re- 
corded with intravenous saline. The perform- 
ance of the test was associated with slight 
substernal pain at the completion of exercise, 
lasting two minutes. 


COMMENT 


The need for an objective method of evaluat- 
ing the influence of so-called vasodilator drugs 
upon the coronary circulation has long been 
apparent. To obviate the errors attending 
methods utilizing purely subjective criteria, 
others’: * have advocated the use of a “blind 
technic” for study. Although this approach 
seems to offer an accurate method for analysis, 
the electrocardiogram in certain selected sub- 
jects would appear to permit a more direct 
and objective méasure of coronary circulation. 
The electrocardiographic response in certain 
normal individuals has permitted the human 
bio-assay of digitalis.!® Similarly changes in 
the electrocardiogram in some patients with 
coronary disease seem to reflect quantitatively 
the degree of coronary insufficiency under nor- 
mal and experimental circumstances. 

The patient whom we selected for study 
repeatedly showed a relatively constant posi- 
tive response to the Master “two-step” test 
under standard conditions. Control records 
were obtained at varying intervals throughout 
the period of study in order to exclude the 
possible influence of changes attending the nat- 
ural course of the disease. Comparisons were 
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made between these tracings and those ob- 
tained following the use of saline, papaverine, 
nitroglycerin, and alcohol. Comparisons were 
also made of the pain elicited in each instance. 
The results permitted a relative evaluation 
of the vasodilating properties of these agents, 
in the patient studied. It was found that the 
intravenous administration of 2 grains of papav- 
erine had a marked modifying influence upon 
the electrocardiographic response to standard 
exercise. This effect was similar to that observed 
following the sublingual administration of 1/100 
grain of nitroglycerin. With each of these agents, 
moreover, performance of the test was unac- 
companied by pain. In contrast, the intravenous 
administration of 4 cc. of saline, and the oral 
administration of 45 ce. of whisky, respectively, 
produced only slight modification of the elec- 
trocardiographic patterns repeatedly observed 
in the control records. In both instances, mild 
to moderate pain was experienced at the com- 
pletion of the exercise. 

The dramatic response observed with the 
intravenous use of papaverine made it desirable 
to determine whether or not the administration 
of this drug by the oral route might also have 
significant effect. From previous clinical ex- 
perience,'® it was felt that relatively large oral 
doses of papaverine would be required for a 
measureable therapeutic response. This ap- 
peared to be further substantiated by our ob- 
servations. Thus, performance of the standard 
exercise test one hour after the oral adminis- 
tration of 6 grains of papaverine (in capsule 
form) was attended by appreciably less sig- 
nificant alterations in the electrocardiogram 
than were observed in the control, saline, and 
whisky tests, respectively. Even more striking 
was the modifying influence of 8 grains of 
papaverine administered orally (in powder 
form), upon the electrocardiographic response 
to exercise. An effect was observed comparable 
to that seen with intravenous papaverine (2 
grains), and nitroglycerin (1/100 grain), re- 
spectively. Particularly noteworthy is the fact 
that with oral dosage the action of the drug 
Was apparent ninety minutes after its adminis- 
tration. There was, however, minimal sub- 
sternal pain at the completion of exercise, when 


these oral doses of papaverine were employe 
in the manner described. 

These observations seem to indicate that 
papaverine administered either by oral or in 
travenous routes had a distinetly favorah! 
influence on the electrocardiographie respon: 
to exercise in the patient studied. In this eo: 
nection, however, it is important to note th 
the oral and intravenous dosage employed \ 
considerably in excess of the amount in general 
usage in the treatment of coronary disease. 
Nitroglycerin showed prophylactic value when 
employed several minutes prior to the com- 
mencement of the exercise test. The observa- 
tions imply that whereas nitroglycerin had an 
immediate and transient effect, oral papaverine 
in the dosage used had a more delayed and 
prolonged action. Thus, in the latter instance, 
a distinctly favorable influence was apparent 
in the electrocardiographic records obtained 
ninety minutes after administration of the drug. 
In contrast, the administration of 45 ce. of 
whisky appeared to have negligible effect on 
the electrocardiographic response to exercise 


SUMMARY 


Although widely employed in the treatment 
of coronary disease, the relative and actual 
potency of vasodilator drugs remains poorly 
defined. Considerable difference of authorita- 
tive opinion exists with respect to the value 
of identical therapeutic agents. A method is 
described which appears to afford a means 
of evaluating the action of some of these drugs 
upon the coronary circulation in man. The 
technic requires the study of selected patients 
with coronary disease who exhibit upon re- 
peated tests under standard conditions a rela- 
tively constant positive response to the Master 
test. 

Observations upon such a patient have dis- 
closed that papaverine administered by the 
oral or intravenous route, in relatively large 
dosage, had a marked modifying effect upon 
the electrocardiographie response to standard 
exercise. The effect of 8 grains of oral papay- 
erine ninety minutes after its administration 
was comparable to that of 1/100 grain of nitro- 
glycerin after five minutes. Under similar 
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conditions, 45 ec. of whisky failed to produce 
sivnificant alteration in the electrocardio- 
ryphie records obtained following exercise. 
“urther studies of this nature in suitable 
su!)jeets may supply valuable information with 
recard to the therapy of coronary disease. 


ab 
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Observations on the Daily Changes in Venous 
Pressure and Weight in a Case of Chronic 
Congestive Heart Failure 


By Wa.tTER NeEwmMaN, M.D., AND Leo FisHet, M.D. 


A study of the effect of salt administration and digitalis withdrawal as separate factors in the 
production of congestive heart failure in the same patient is presented. The results indicate two 
different types of congestive failure relating to these modes of precipitation. Additional infor- 
mation is obtained as to the temporal precedence of weight and venous pressure in congestive 
heart failure induced by the aforementioned methods. 


HERE have been many reports dealing 
with the pathogenesis of chronic con- 
gestive heart failure. The two concepts 
under investigation at present are the so-called 
“forward” and “backward” hypotheses. It has 
been reasoned that if temporal precedence for 
either weight or venous pressure could be estab- 
lished in a patient going into congestive failure, 
one would have further evidence to support 
one or the other hypothesis. Thus, Warren and 
Stead!’ demonstrated in 2 patients in whom 
congestive failure was precipitated by the ad- 
ministration of salt that the weight rose before 
the venous pressure. They therefore concluded 
that the elevation of venous pressure in chronic 
congestive failure was a resultant of salt and 
water retention. On the other hand, Reichsman 
and Grant® were able to demonstrate that the 
venous pressure rose before any gain in weight 
in those patients in whom the congestive failure 
was precipitated by discontinuing the adminis- 
tration of digitalis. The latter authors then 
conclude that these observations are compatible 
with the ‘“backward”’ failure hypothesis, the 
cardiac edema being due mainly to increased 
venous pressure secondary to right heart 
failure. 
It seemed to us that the two hypotheses for 
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the pathogenesis of chronic congestive heart 
failure were not mutually exclusive. The cis- 
crepancy in the aforementioned results might 
be due to the operation of two different mecha- 
nisms. We therefore decided to repeat the work 
of these investigators and possibly demonstrate 
the operation of two mechanisms of congestive 
failure in the same patient. Accordingly, the 
same patient was used for both methods of 
producing cardiac failure, namely (1) the ad- 
ministration of salt and (2) the discontinuance 
of digitalis therapy. 


MrtTHOD 


The patient was a 52 year old Negro with auricu- 
lar fibrillation and known hypertensive and arterio- 
sclerotic heart disease of six years’ duration. He had 
had five admissions to the hospital for the treat- 
ment of congestive heart failure in the preceding 
four years. In order to maintain compensation and 
a baseline weight between 155 and 162 pounds while 
ambulant, the patient was kept on the rice diet, re- 
ceived 4 grams of ammonium chloride daily, 1 ce. 
of Mercuhydrin intramuscularly three times a week 
and 0.5 mg. of Digoxin daily. Measurements of 
weight and direct venous pressure determinations 
were done daily and the patient was examined for 
signs of congestive heart failure. After a baseline was 
established, 5 grams of oral sodium chloride were 
given daily for five days; the sodium chloride was 
then continued but Mercuhydrin and ammoniim 
chloride were discontinued. Following the appeara:ce 
of signs of congestive failure, the sodium chlo: 
was stopped and ammonium chloride and mercu 
therapy were readministered. When compensat 
was restored, Digoxin was discontinued and wlic 
the signs of congestive failure supervened an unsiic 
cessful attempt was made to regain compensat 
by increasing the frequency and dosage of mercu 
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in‘ections. Finally, mercurials were discontinued 
aul digitalis was readministered. 

[he venous pressure was determined with the pa- 
int in the supine position, a small pillow support- 

his head. A level, attached to the apparatus 
\ding a manometer and reservoir of sodium citrate, 

s so adjusted that when it rested on the patient’s 

rnum the zero point of the manometer was 5 cm. 

ow its level. The arm used was elevated by a 

ow to the zero point of the manometer and ab- 

‘ted 45 degrees. 

The manometer was filled to the top (400 mm.) 
with sterile citrate from the reservoir and then with 
the tubing attached and the reservoir closed off, 
the basilie vein was entered with an 18-gage needle 
and the citrate was permitted to flow into the vein. 
The patient was allowed to rest in the supine posi- 
tion for fifteen minutes before the venous pressure 
was determined. By refilling the manometer from 
the reservoir, repeated readings were made until 
three successive determinations were within 5 mm. 
of each other. The average of these three readings 
was recorded as the venous pressure of that patient 
at that time. 


RESULTS 


The results obtained are listed in table 1 and 
figure 1. We were able to demonstrate that the 
administration of sodium chloride to this pa- 
tient Was accompanied by a 16 pound gain in 
weight and 159 mm. of water increase in the 
venous pressure in twelve days. Both of these 
variables rose simultaneously without one pre- 
ceding the other. When the sodium chloride was 
discontinued and the Mercuhydrin and ammo- 
nium chloride therapy reinstituted, the weight 
and venous pressure fell simultaneously to their 
baseline levels. 

When the Digoxin was discontinued, it was 
observed that in five days there was no gain in 
weight but an increase in the venous pressure 
of 122 mm. of water. 

When the patient’s venous pressure had 
reached its peak after discontinuance of Di- 
goxin, an attempt was made to return it to its 


hiseline with increased dosage and frequency 
o! mercurial injections. This was at first suc- 


cessful, with weight and venous pressure falling 
simultaneously. Then, despite the continued 
administration of mercurials, the weight and 
\enous pressure began to rise and Digoxin 
tverapy was readministered, mercurials and 
vimmonium chloride being discontinued. The 
\entricular rate, which had risen following ces- 


sation of digitalis therapy, dropped precipi- 
tously with the venous pressure when the pa- 
tient was redigitalized. The weight, however, 
did not fall with digitalis administration and in 
the last week of the experiment the patient 
gained 7 pounds. This gain in weight was at- 
tributed to increased ingestion of sodium, since 
the rice diet was discontinued during this pe- 
riod. 

Two further points on the curve are worthy 
of mention. From January 30 to February 2 
the patient was permitted to leave the hospital, 
and during this period he indulged in an exces- 
sive amount of exertion as compared with the 
ambulant regimen in the hospital. It is to be 
noted that following return to the hospital there 
was a striking rise in the venous pressure with- 
out any increase in the weight. A similar situa- 
tion occurred between March 30 and April 1. 
On February 14, the drop in weight and venous 
pressure below the baseline, following salt and 
mercurial administration, suggests that some 
degree of sodium depletion existed prior to the 
initial administration of salt. 

The patient was considered an excellent ob- 
server and despite the vagaries of subjective 
responses it was felt that they were of definite 
value in this experiment. While the patient 
was receiving salt from February 14 to Feb- 
ruary 24, despite marked increases in the 
weight and venous pressure, he was asympto- 
matic. In striking contrast was the situation 
which obtained while the patient was not re- 
ceiving digitalis. At this time, orthopnea, bouts 
of paroxysmal mocturnal dyspnea and dyspnea 
on only mild exertion became apparent. At | 
first these symptoms could be controlled by in- 
creasing the frequency and dosage of mercurial 
injections; however, with this treatment the 
symptoms shortly recurred, the patient com- 
plained of severe thirst and digitalis had to be 
readministered. 

At no time during the procedure were the 
patient’s fluids restricted. Blood pressure re- 
mained relatively constant at about 180/120. 
There was laboratory evidence of renal im- 
pairment; maximum specific gravity of the 
urine was 1.015, urinary albumin varied from 
negative to 1 plus, and phenolsulfonphthalein 
excretion was 50 per cent in two hours. 
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TaBLE 1.—Variations in Weight, Venous Pressure and Ventricular Rate with Changes in Medication and Salt 
Administration in Patient with Chronic Congestive Heart Failure 


Medications 
nso Diet Remarks 
assure ae 
Digoxin Ammon. Mercuhy NaCl (G 
. ; . ’ NaCl (Gm.) 
mg Chl. (Gm. drin (cc.) 


Weight 


1593 124 0.3 { 
162 128 f } l On pass 1/30 to 2/2 with in- 
creased exertion. 

160 196 
1603 190 
1593 110 
158! 120 
161 126 
159! 121 
162 144 
159 139 
1593 116 
155} 94 
1573 114 


or 


1or or cor or or or 


NOnwWWwWwNN WN WW te 
o 


or or or Or Gr bo 


or or or 


to 
to 
or 
or 


1603 137 
1613 130 
1653 197 
1643 216 
1643 220) 
1683 230 


or or or or or or 


Nw Ww WN NW 
or or or or or Or 


Nm WwW e 
WwW bh 
or or or 


_— 


171 
165! 
167} 
165 
1663 
163 
1643 
163 
1623 
163} 
1593 
1613 
162} 
163} 
162 
163} 


vor or or or 


o 


mokrknwnw—rb 
or Gr or or or 


— i 
No & 


Cough. 
Dyspnea. 


2/s 
2/5 
2/5 
2/s 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


+ ow 


Severe dyspnea on exertion. 
Orthopnea. 

162 85 Marked improvement in dysp 
nea and orthopnea. 

159} 7 Asymptomatic. 

160 

157 : Marked thirst. 

158 - Paroxysmal nocturnal dyspnea. 

161 Paroxysmal nocturnal dysprea. 

161} 2.2: Very dyspneic and orthopne:c 

163 is Marked improvement in dysp- 
nea and orthopnea. 

162} 

1613 

1623 

1623 
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TABLE 1.—Continued 


Medications 


73 Venous ‘ aioe — sasasimaiainGiateiuiadiiel . 
Weight a . } Diet 
Pressure Digoxin Ammon. Mevculey - 


(mg.) Chi. (Gm.) | drin (cc.) | NaCl (Gm.) 


1613 108 1.0 
1623 1.0 
1653 128 1.0 
165 127 1.0 
166 160 1.0 On pass 3/30 to 4/1, increased 
exertion. 
1633 104 
1623 107 
168 
168} 157 
157} 76 
Rice diet. 
Regular diet. 


| 


VW 
OML 


+ 
-SSVd NO 


OLIVWOLAINASY - 
t 





+ 
+ 


ASYIHL 03 





XOUW SHOVLLV 
dOHLYO BdSAD 3Y3A3S 


t 
3 
a 
& 
= 
pz 
° 
Tr 
170 
15 


NOILN3X3 VULX3 


4SAQ = 




















VENOUS PRESSURE 




















Poser er 
B 46 (7 169 20212425 2627281 2345 891011 '2 131415 1617 18 19 202) 22232425 2627282930 | 23 


Taper ie 








(© M* icc MERCUHYORIN ILM. | 
Mz = 2cc MERCUHYDRIN LM. | Ltt kL 
N= 5GRAMS SODIUM CHLORIDE |~ oe - = 














ei 
| 
rrrig MUN MEIN MEL FOR NNN MR 
Tt) | | 
. | | | | 
Pee LIL L LTT See e 
awe 345910 ll 213 1416 I7 189 2021 2425 2627281 2345 8910 li 213M IS 16 I7 18 19 2021 22 23 26252627 282930 | 2 3 


eovuvovovoy 
NIXOOIG ‘S\N 


JAN. FEB. MAR. APR. 


Fic. 1.—Graph illustrating variations in weight, venous pressure and ventricular rate with 
changes in medication and salt administration. 





CHRONIC CONGESTIVE HEART FATLURE 


DIscuSSsION 


Regarding the pathogenesis of the congestive 
failure in this patient, the following facts were 
established. When failure was induced by the 
administration of salt, weight and venous 
pressure increased simultaneously as noted in 
daily measurements. Similarly, in regaining 
compensation, weight and venous pressure fell 
simultaneously. Therefore, this experiment did 
not permit deductions based on the temporal 
relations of weight and venous pressure and 
concerning the mechanism of formation of car- 
diac edema.'® Perhaps more frequent deter- 
minations might establish temporal precedence 
for one of these factors. These results were 
quite different from those of Warren and 
Stead,' who found that the weight rose before 
the venous pressure. 

On the other hand, when failure was induced 
by the cessation of digitalis therapy, we found 
the venous pressure rose without any gain in 
weight. This result is quite similar to the ob- 
servation of Reichsman and Grant® who demon- 
strated under similar circumstances ‘‘a con- 
siderable rise of venous pressure with no or very 
slight gain in weight.” 

The clinical status of the patient was quite 
different when failure was induced by the ad- 
ministration of salt as compared with failure 
induced by cessation of digitalis therapy. 
Whereas there was an increment in both weight 
and venous pressure in the former instance, the 
patient was relatively asymptomatic. However, 
in the latter instance, with no increase in weight 
and a definite rise in venous pressure there was 
a striking appearance of symptoms of dyspnea 
and orthopnea. This discrepancy in symptoma- 
tology and weight gains for comparable gains 
in venous pressure appears crucial and suggests 
two different mechanisms for congestive failure 
in the same patient. The first mechanism ap- 
pears to be one of salt and water retention with 
equal distribution of fluid throughout the ex- 
tracellular space. This would be analogous to 
the “forward” failure theory of formation of 
‘ardiac edema.': '°" The second mechanism 
would appear to be one which is more acute 


and in which the myocardium must play the 


dominant role. It is suggested that this second 
mechanism, manifested by paroxysmal noe- 
turnal dyspnea, orthopnea and increasing ven- 
ous pressure with no increase in weight, is ‘jue 
to brief periods of discrepancy between the cut- 
puts of the right and left ventricles. This, then, 
produces a flooding of the lungs with attendant 
decrease in vital capacity and dyspnea. ‘his 
concept of inequality in the outputs of the i wo 
ventricles with its resultant mechanical dis- 
turbances has been postulated by Harrison* nd 
more recently by Stead.* It is also possible ‘hat 
there is more than one method of initiating this 
second mechanism. Thus, discontinuing digi- 
talis in a myocardium that requires it, physical 
stress, or even the stress of an infection or 
psychic disturbances,’ may all be initiating fac- 
tors. Finally, it would seem possible that the 
first mechanism, with its attendant hypervol- 
emia, could increase the work of the myo- 
cardium enough to set off the second mecha- 
nism. 

It is likely that the majority of patients one 
sees in congestive heart failure have both of 
these mechanisms operating. In view of the 
above observations, we cannot subscribe to the 
therapy of congestive heart failure outlined by 
Gold and his co-workers? where the initial and, 
if possible, sole use of mercurials is advocated. 
It is felt that in both of the suggested mecha- 
nisms, myocardial weakness is the primary fac- 
tor. Therefore, digitalis would appear to be the 
rational initial drug of choice with mercurials 
and salt restriction considered as adjuvant 
measures. This thesis is given further support 
by the work of Merrill,® in some of whose cases 
clinical improvement of congestive heart failure 
by the use of mercurials was not associated 
with any marked increase in renal blood flow 
or cardiac output. On the other hand, Seymour 
and co-workers’ were able to show that when 
‘ardiac compensation was restored by digitalis, 
‘ardiac output and renal blood flow increased. 


SUMMARY 


Cardiac failure was precipitated in a paticnt 
with chronic congestive heart failure second :ry 
to hypertensive and arteriosclerotic heart «is- 
ase. Administration of salt and then cessation 
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zitalis therapy were the methods used for 
ting the failure. The following facts were 
lished: 


of « 
init 
esti 

|. Weight and venous pressure rose simul- 
tancously when failure was precipitated by salt 
nistration and fell simultaneously when 
dministration was stopped. When digitalis 
withheld, there was a comparable rise in 
iis pressure but no rise in weight. 

2. There were clear-cut differences between 
the failure induced by the administration of 
sodium chloride and that induced by discon- 


adn 
salt 
War 


ven 


tinuing digitalis. (a) In the former instance 
there was a marked rise in both weight and 
venous pressure; whereas in the latter, for an 
almost comparable rise in venous pressure there 
Was no increment in weight. (b) There was no 
dyspnea associated with the failure induced by 
sult; this Was a prominent symptom when digi- 
talis was discontinued. (¢) The failure produced 
by discontinuing digitalis could not be con- 
trolled by increasing the dosage and frequency 
of mercurial administration. 

Thus, two distinet types of cardiac failure 
were demonstrated in the same patient. Specu- 
lation as to the mechanisms of these two types 
of failure has led to the suggestion that the 
first type is due to salt and water retention 
with equal distribution throughout the extra- 
cellular space. Nothing could be added to the 
current knowledge of the mechanism of this 
retention. The second type of failure is believed 
to be a more acute variety and due to brief 
periods of discrepancy between the outputs 
of the two ventricles with subsequent redis- 
tribution of fluid on the venous side. 


Finally, it is suggested that the majority 
of palients in congestive heart failure are dem- 
onstrating both mechanisms of heart failure. 


The use of digitalis rather than mercurials as in- 
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itial medication is a more rational approach in 
the light of our present knowledge. 
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Sensitivity of the Supraventricular Pacemakers 
to Acetylcholine in Acute Hypoxemia 


By C. Cautuesaut, M.D., 8. Ropparp, M.D., anp L. N. Karz, M.D. 


Severe hypoxemia enhances the effect of endogenous and exogenous acetylcholine to depress the 
supraventricular pacemakers and conduction pathways, as shown in experiments on dogs. 


URING acute hypoxemic states which 

are observed clinically during anes- 

thesia and on exposure to high alti- 
tudes, cardiac irregularities including various 
degrees of block may be seen. The mechanism 
of these irregularities has not been adequately 
elucidated. It is known that early in hypoxia 
an increase in sympathetic tonus is seen!'; late 
in hypoxia, however, the effect of epinephrine 
and other sympathetic mediators may be in- 
hibited.”* Under such conditions, augmenta- 
tion of unopposed parasympathetic action 
might easily lead to cardiac slowing and to 
various degrees of heart block. 

In the normal animal, injection of acetyl- 
choline results in various degrees of depression 
of the sinus node ranging from sinus brady- 
cardia to sinus standstill, with or without the 
occurrence of A-V nodal rhythm. The A-V 
conduction system is also depressed, causing 
A-V block and theappearance of idioventricular 
rhythms.’ This effect of acetylcholine is en- 
hanced in anemia.’ Other workers have demon- 
strated that asphyxia increases the likelihood 
of auricular fibrillation on injection of mecholy] 
(acetyl-beta-methylcholine).6 The — present 
studies were undertaken in an effort to ana- 
lyze the mechanism of heart block produced 
by this parasvmpathomimetic action occurring 
during acute hypoxemia. 


Meruops* 


A total of 15 dogs were used. Thirteen were anes- 
thetized with intravenous sodium pentobarbital (25 
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mg./Kg.); of these 8 were vagotomized bilaterally, 
and in 5 the vagi were left intact. In addition, two 
dogs with intact vagi were anesthetized with chiora- 
lose (100 mg./Kg.) and morphine sulfate (0.8 mg.) 
administered intravenously. After tracheotomy the 
thorax was opened by retraction of the ribs. Positive 
blast respiration was used. In this way the shift irom 
air to nitrogen breathing could be accomplished in a 
second or two. At the end of hypoxemia periods, 
which lasted up to four minutes, air was again sub- 
stituted for the nitrogen. Blood pressure from a 
femoral artery was recorded on a kymograph by 
means of a mercury manometer. Under fluoroscopic 
control a Cournand catheter was inserted through 
the left femoral artery into the left ventricle, the tip 
being directed toward the sinuses of Valsalva. In 
this way the acetylcholine used to determine sensi- 
tivity could be injected in apposition to the coronary 
ostia, thus eliminating to a large degree the variable 
factors of dilution in the pulmonary circuit, destrue- 
tion in transit, and variability of delivery to the 
coronary arteries during left ventricular ejection. 
After each injection the catheter was flushed out 
with isotonic saline. Standard limb leads and ocea- 
sional esophageal lead electrocardiograms were re- 
corded on a direct-writing Viso-cardiette. A record 
was taken before hypoxemia and at various intervals 
during nitrogen breathing and during reoxygenation. 
Acetylcholine was injected via the catheter at inter- 
vals of thirty and sixty seconds or more of nitrogen 
breathing and the electrocardiographic response 
noted, particular attention being paid to the occur 
rence of heart block. 

Since the P wave is sometimes relatively difficult 
to define and its beginning may not be easily seen, 
the R—-R interval was used as a measure of heart rate 
whenever sinus rhythm was seen. R—-R was also used 
in A-V nodal rhythm and in first-degree A-V block. 
In the few instances in which complete A-V block 
was produced the effect of the acetylcholine was de- 
termined by P-P distance. Increases in R-R (and 
P-P) distance measured to 0.01 second were use! to 
determine the effect of each acetylcholine dose on 
the heart. At the end of each experiment the position 
of the catheter in relation to the sinuses of Vals:ilva 
was checked anatomically by opening the aort: 
the experiments discussed below, the catheter 
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foun! to be at or near the sinuses of Valsalva or in rhythm being present throughout. Further 
the ‘ft ventricle. * slowing of the sinus node frequently led to the 
occurrence of A-V nodal rhythm. 

In the dogs with vagi intact, anesthetized 

Licart Rate in Acute Hypoxemia. The cardiac with chloralose-morphine, the accelerator phase 
res}: onse to hypoxemia depends in large meas- in early hypoxemia was much less apparent and 
we upon the relative tonus of the sympathetic the slowing was very marked, with a shift of 
and vagus nerves. This was demonstrated by : pacemaker occurring early in every instance 
comparison of the effects of two types of anes- (fig. 1). These experiments had to be terminated 
thesia: (1) nembutal, which reduces vagal tone early because of the marked irregularity of the 
through central inhibition and results in an heart with shift in pacemaker, and a resultant 


RESULTS 


HEART RATE 
BEATS/MIN. 


2 
BILATERAL VAGOTOMY 


—mrrrr rr rnrmnm 


PENTOBARBITAL 


‘ eee ee 


_ 


Ne” 
CHLORALOSE — MORPHINE 


eam eer re creer deere irene eesti ernest meenieeesdieeneed 
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NITROGEN BREATHING- SEGONDS 


Fic. 1.—Effect of progressive hypoxemia on the heart rate under various circumstances. (Dis- 
cussed in text.) 


increased heart rate, and (2) chloralose-mor- unreliability in the interpretation of effect on 
phine, which produces an increase in the ac- 
tivity of the vagal centers, and usually though 
not always slows the heart rate. 

In intaet nembutalized dogs, the induction of 
hypoxemia often produced a slight transient 
acceleration of the heart rate, but in nearly 
every instance the rate was slowed as the 
hypoxemia progressed (fig. 1). For example, a , : ; 
control rate of eighty-one per minute increased slight or moderate slowing (fig. 1). 
to ninety-three at sixty seconds of hypoxemia, Determination of the Threshold. In dogs 
and chen slowed progressively to sixty beats breathing air, acetylcholine was injected in 
per minute at the end of two hundred and various amounts in order to determine the least 
tweniy seconds of nitrogen breathing, sinus amount necessary to produce a_ transient 
second-degree A-V block, as indicated by the 


the electrocardiogram. 

When the vagi were sectioned and the central 
parasympathetic tone eliminated, the action of 
the anesthetic agent on the parasympathetic 
system was no longer apparent. In these cases, 
the first effect of hypoxemia was a slight ac- 
celeration of the heart rate followed by a 


*T) one experiment an acute myocardial infarction ak Ati blocked beat. Thi 
a ~~ ‘Tea - € ae Ss > tk g . s 
Was scen post mortem, possibly produced by the cath- CORETERee CFs oe OE SSS See us 


eter. amount was called the threshold dose and it 
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varied considerably from one animal to another 
being 10 to 100 gamma in various experiments. 

In the presence of hypoxemia, a threshold 
dose produced a greater degree of block. We 
therefore use subthreshold doses of the order 
of one-third to two-thirds the threshold dose. 
These subthreshold doses did not produce sec- 
ond-degree A-V block during air breathing, but 


RR DISTANCE 
SECONDS 


50 


before and after each hypoxia period. In a very 
few instances administration of a subthreshold 
dose of acetylcholine at the end of the reoxy- 
genation period resulted in the production of 
A-V block. Data collected during the prev ous 
test were therefore not included in the present 
study because of the changing baseline during 
the course of such experiments. 


SECONDS 


Oo 20 40 60 100 140 iso 


NITROGEN BREATHING 


REOXYGENATION 
© 20 40 60 80 100 120 140 


220 260 


Fic. 2.—Acetylcholine sensitivity in acute hypoxemia and reoxygenation. A typical experiment 


showing the increased sensitivity to 20 gamma of acetylcholine in acute hypoxemia, and the rapid 
return to control values during reoxygenation. The value at the lower end of each column repre 
sents the R-R interval previous to acetylcholine injection. The value at the upper end of the column 
indicates R-R within one to three seconds after injection. The distance between these two values 


represents the magnitude of the heart block produced. (Diseussed in text.) 


were adequate to influence the sinus rhythm 
and produce a minimal slowing of the heart in 
the hypoxemic state. 

As the experiment on each preparation con- 


tinued, a progressive increase in sensitivity to 


acetylcholine was noted. As a result, doses 
which were subthreshold early in the experi- 
ment later acquired a blocking effect. The 
threshold dose was therefore decreased gradu- 
ally as the experiment progressed. After several 
hours there was a tendency to develop a rather 
constant threshold. 

To exclude the effects of slight spontaneous 
and temporary changes in threshold, the effect 
of a subthreshold dose was carefully checked 


Sensitivity to Acetylcholine in Acute Hypox- 
emia. Sensitivity was estimated in terms of the 
increase in the duration of the R-R (P-P) 
distance which occurred within one to three 
seconds after administration of acetylcholine. 
No significant differences were noted in the 
degree of sensitivity change in the animals 
receiving either nembutal or chloralose-nior- 
phine anesthesia. Vagotomy also did not change 
the response. For this reason all experiments 
are discussed as a single group (fig. 2). ‘The 
results with each group are given in table 1. 

The response during the hypoxemia period 
in 75 per cent of instances was a progressive in- 
crease in sensitivity to acetylcholine. In 20 
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per cent a bidirectional effect was seen, in that 
at -ome point during the hypoxemic period a 
tenleney to a transient decrease in sensitivity 
wa- noted; however, in all of these, the sensi- 
tivi'y at the end was always greater than at 
the beginning of the hypoxemic period. In 5 
per cent of the experiments a marked increase 
in -ensitivity was seen early, and this was 
followed by a progressive decrease in acetyl- 
choline sensitivity during the hypoxemia 
period; in every instance, however, the final 
sensitivity was greater than the control. The 
animals anesthetized with chloralose-morphine 
were particularly sensitive to acetylcholine, as 


Tarte 1. Results of Tests of Sensitivity to Acetyl- 
choline in Acute Hypoxemia 
! | . . a 
| Changes in Sensitivity 

No. of | : 
Experi- | Progres |Bidirec- Progres- 
ments ‘sive In-| tional! sive De- 

crease | crease 


\nesthesia Vagi 


Pentobarbital Intact 15 | 10 

Pentobarbital Cut 30 2 

Chloralose- Intact - 
morphine 


could be seen from the fact that the hypox- 
emia, even without further injection of ace- 
tylcholine, often resulted in marked brady- 
cardia and the production of nodal rhythm. 
After one or two hypoxemic episodes these 
animals showed poor recovery and for this 
reason fewer studies were done on these prep- 
arations. 

These results demonstrate that hypoxemia 
produces a progressive increase in sensitivity 
to acetylcholine. That this is not dependent 
only upon a central effect is shown by the fact 
that the increase occurs in the absence of cen- 
tral nervous connections, as in the vagotomized 
animals. The effect of hypoxemia must there- 
fore he to increase the sensitivity of the receptor 
substance or to inhibit choline esterase.* 


*The possibility exists that an increase in coronary 
flow luring the hypoxemic period resulting in an in- 
creased delivery of acetylcholine-laden blood to the 
paceinakers might simulate an increased sensitivity. 
The reversal of the effect during the reoxygenation 
perinl would, however, appear to exclude this pos- 
sibil.y since it has been shown’ that after a period of 
hyp: xemia a reactive hyperemia occurs during which 


Sensitivity to Acetylcholine During Reoxygena- 
tion. At the end of each hypoxemia period the 
animals were returned to oxygen breathing. 
During this reoxygenation period the accumu- 
lated sympathomimetic substances which were 
not metabolized during the hypoxemia phase, 
once again have an effect, as can be shown by a 
marked increase in blood pressure.2 During this 
period the sensitivity to acetylcholine is always 
rapidly returned to the control level within 
one to three minutes (fig. 2). This return of 
sensitivity appears to be independent of the 
blood pressure changes. Vagotomy had no sig- 
nificant influence on the rate of return to nor- 
mal sensitivity. The decrease in sensitivity may 


be due to the sudden resurgence of epinephrine 
and sympathomimetie¢ activity which had been 
in abeyance during the period of marked hy- 
poxemia.” The possible role of potassium which 


has been shown to be released during anoxia 
must also be considered. 


DiIscUSSION AND CONCLUSIONS 


Karlier workers have reported that the re- 
sults obtained with large doses of mecholyl 
were unpredictable, the reaction to the same 
dose in a single experiment varying without 
apparent reason.’ In their hands, hypoxemia 
did not alter the effect of mecholyl on the 
‘ardiae mechanism. A possible explanation of 
their results is that injection into a systemic 
vein might easily result in a variable delivery 
of the drug to the coronary vessels. Our ex- 
periments obviated this difficulty in large meas- 
ure by delivery of very small quantities of 
acetylcholine directly to the region of the cor- 
onary ostia, and resulted in considerable consist- 
ency from injection to injection. This is ap- 
parent in the comparison of the amount of 
acetylcholine required to produce block when 
injected into the leg vein, which varies from 
80 to 3000 gamma, while doses from 20 to 80 
gamma will produce block if given via the 


blood flow through the coronary vessels is markedly 
increased. Despite this increase in coronary flow dur- 
ing the reoxygenation period, the sensitivity of the 
pacemakers returns to normal. It would therefore ap- 
pear that the increased sensitivity seen in hypoxemia 
cannot be attributed to an increase in coronary flow. 
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catheter directly to the region of origin of the 
coronary vessels. 

These experiments show that acute hypox- 
emia leads to progressive depression of the 
supraventricular pacemakers and conduction 
pathways of the heart. This effect is produced 
through a combination of a central and a periph- 
eral mechanism. The central nervous mech- 
anism probably involves stimulation of the 
vagal centers. The peripheral action as seen 
in the progressive increase in acetylcholine sen- 
sitivity probably occurs at the vagal termina- 
tions. This effect may be due to a direct inhibi- 
tion of choline esterase or possibly due to the 
reported anti-choline esterase effect of epineph- 
rine which apparently accumulates in the 
blood in severe hypoxemia. In addition, the 
inhibition of epinephrine action during severe 
hypoxemia would eliminate the stimulating ef- 
fect of this substance on the supraventricular 
pacemakers. 


These results emphasize that severe hypox- 


emia produces progressive heart block and 
even heart standstill, especially after the ad- 


ministration of vagotonic drugs. 
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Infarction of The Right Ventricle Caused by 
Multiple Coronary Vein Ligation 


By Frerpinanp F. McAuuister, M.D., AND Davin 8. LEIGHNINGER, M.D. 


Ligation of the coronary sinus and all the visible anterior cardiac veins led to death in 5 out of 24 
dogs. In 15 out of 17 of these dogs coming to autopsy, varying degrees of infarction of the right 
ventricle were found. The work emphasizes the importance of the superficial venous system in the 
drainage of the myocardium and reveals the inadequacy of the intramural system when the latter 


is foreed to assume the entire outflow load. 


URING the course of studies on the 
revascularization of the heart, it was 
found that infaretion of the right ven- 

trie might be produced by occlusion of the 
coronary sinus and the anterior cardiac veins. 
Apparently the intramural venous drainage sys- 
tem cannot accommodate the entire arterial 
inflow rapidly enough to prevent myocardial 
damage. 

In general, the blood supplied to the heart 
substance is drained by superficial veins and 
by intramural vessels. The superficial channels 
consist of the coronary sinus system and the 
anterior cardiac veins. The coronary sinus is 
located on the posterior aspect of the heart in 
the groove between the left auricle and the left 
ventricle and empties into the right auricle 
close to the ostium of the inferior vena cava. 
The coronary sinus has a rich network of tribu- 
taries and probably accounts for over 60 per 
cent of the coronary outflow. The anterior car- 
diac veins (fig. 1) lie on the anterior surface of 
the heart where they arise from the wall of the 
right ventricle and drain directly into the right 
auricle near the auriculoventricular junction. 
The intramural vessels drain into the various 
heart chambers and consist of the thebesian 
veins, the arterioluminal vessels, and the myo- 
cardial sinusoids. The intricate anatomic ar- 
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rangement of these latter vessels has been de- 
scribed by Wearn and his associates.! 

In an effort to protect the heart against coro- 
nary artery occlusion, Beck and his asso- 
ciates?’ * have recently introduced the use of a 
vein graft to convey oxygenated blood from 
the aorta to the coronary sinus. If the coronary 
sinus has been ligated close to its ostium in the 
right auricle, the establishment of such a graft 
reverses the blood flow in the coronary sinus 
and the latter functions as an artery. That this 
is beneficial has already been demonstrated. 
However, it has been postulated that an arterio- 
venous fistula effect might be produced in the 
heart substance because of the many free con- 
nections between the radicals of the coronary 
sinus and the anterior cardiac veins (fig. 1). 
The development of such connections would 
mean that increasing quantities of arterial 
blood entering the coronary sinus would be 
shunted through these superficial veins directly 
into the right auricle without benefit to the 
myocardium. In order to anticipate this pos- 
sibility, a series of 24 dogs was prepared in 
which, as a preliminary operation, the coronary 
sinus and all the larger anterior cardiac veins 
were ligated. The latter were tied as near as 
possible to their ostia in the right auricle, care 
being taken not to include any arterial branches 
in the ligatures. Eight to twelve days later the 
surviving dogs were subjected to a second op- 
eration wherein a vein graft was inserted be- 
tween the aorta and the coronary sinus. Seven- 
teen of these dogs were examined post mortem 
one to forty-nine days following the initial 
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operation. These dogs constitute the subject 
of this report. Five of the 17 dogs had only the 
initial operation, while 12 underwent the addi- 
tional vein graft operation. Inasmuch as the 
serious effects of the preliminary procedure 
were not at first apparent and were not the 
prime objects of our investigations, many in- 
teresting data, such as electrocardiograms and 
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sinus which causes relatively slight postopera- 
tive disability, these animals remained seden- 
tary for from four to nine days or longer. All 
seemed disinterested in their surroundings :ind 
the majority refused to eat for several days, 
Some were dyspneic at rest and developed a 
peculiar hacking cough. 

The postoperative mortality was 12.5 per 
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Fig. 1.—Photograph of a cleared dog heart. The arteries have been injected with black dye and 
the veins with white. On the surface of the right ventricle the superficial veins which drain directly 


into the right auricle may be readily seen. 


venous and arterial pressures, were not ob- 
tained. 


RESULTS 
One of the striking clinical results of ligating 
both the coronary sinus and the anterior cardiac 
veins was the prostrating effect upon the dogs. 
In contrast to simple ligation of the coronary 


cent, more than double that for ligation of the 
coronary sinus alone. Since 2 dogs not included 
in this figure were sacrificed because of extreme 
illness and imminent death, the actual mor- 
tality is probably much higher. On the other 
hand, in a recent series of 96 dogs subjected to 
coronary sinus ligation alone, the postoperative 
mortality was 4.2 per cent. While the present 
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Fic. 2.—Gross appearance of a dog heart which has been subjected to ligation of the coronary sinus 
together with ligation of the superficial veins draining into the right auricle. A (Left). Dog 252. 
Autopsy performed 49 days following operation. The surface of the right ventricle shows extensive 
scarring. The right coronary artery has been opened and the major branches are patent. B (Right), 
Same specimen with the right ventricle opened and the wall turned back to show the endocardium. 


Note the numerous patches of sear. 


, 


Fic. 3.—Photomicrographs of infarcted areas of the right ventricle. A (Left), Section from Dog 
237 made ten days postoperatively. The muscle fibers have been split apart by edema fluid and extra- 
vasated red blood cells. B (Middle), Section from Dog 271 made twenty-three days postoperatively. 
There is necrosis of muscle cells with swelling, granulation, and vacuolation. There is round cell 
infiltration and fibrosis. C (Right), Section from Dog 252 made forty-nine days postoperatively. There 
is phagocytosis of hemosiderin, advanced fibrosis, and complete muscle replacement. 
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TaBLE 1.—Gross Findings and Duration of Process 


No. Days 
after First 
Operation 
that Gross Findings 
Autopsy 
Was Per- 
formed 


Marked hemorrhagic engorgement of 
right ventricular wall 

Heart dilated. Hemorrhagic engorge- 
ment, right ventricle 

Hemorrhagic necrosis of right ven- 
tricular wall with thinning and 
mural thrombus. Advanced con- 
gestion throughout both lung fields 
but no emboli found 

Marked hemorrhagic engorgement 
of right ventricular wall 

Iixtensive hemorrhagic necrosis of 
right ventricular wall. Latter thin 
and devoid of muscle. Mural 
thrombus. Massive bilateral pul- 
monary infarction with pulmonary 
emboli 

(Cardiac decompensation following 
op.) Fibrotic, thinned right ven- 
tricle with dense plaque of sear in 
infundibulum 

Moderate thinning and fibrosis, right 
ventricle 

Advanced fibrosis and muscle replace- 
ment in a wide zone of the right 
ventricle along the interventricular 
groove 

Some fibrosis. Large vein entering 
floor of sinus found open 

No damage to right ventricle. Large 
vein entering floor of sinus found 
open 

Slight, patchy fibrosis of right ventri- 
cle 

Small patches of fibrosis in the in- 
fundibulum of the right ventricle 

Marked fibrosis of right ventricle 
with areas of complete muscle re- 
placement 

No damage to right ventricle. Large 
vein entering floor of sinus found: 
open 

Thinning, patchy fibrosis and much 
muscle replacement 

Slight thinning and fibrosis, right 
ventricle 

Markedly thinned and fibrotic right 
ventricle 


series is perhaps too small to yield a statistically 
significant mortality rate, nevertheless, the 


above-mentioned elevated mortality figure of 
12.5 per cent is in keeping with the elinica| 
course and the pathologie findings to be de. 
scribed below. 

Of the 17 dogs studied by postmortem ex. 
amination, 15 showed a varying degree of dis. 
vase Of the right ventricle. This ranged /rom 
thinning and patchy fibrosis to extensive jn- 
farction. An example of moderately severe scar- 
ring may be seen in figure 2. The most striking 
damage to the right ventricle was usually seen 
in that portion which is normally the thinnest 
near the interventricular groove and particu- 
larly in the infundibulum. Early changes were 
those of edema, subendocardial and subepi- 
‘ardial hemorrhage, and hemorrhagic necrosis, 
Later changes consisted of muscle replacement, 
atrophy, hemosiderosis, and fibrosis (fig. 3), 
Table 1 describes the gross findings in each 
‘ase and the duration of the process. 

The 2 dogs which were sacrificed at seven 
and ten days respectively because of extreme 
illness are of especial interest. Both showed 
massive infarction of the right ventricle with 
mural thrombi and extensive hemorrhage into 
the lungs. In one of these there were bilateral 
pulmonary infarcts involving complete lobes 
and molded emboli almost oceluding the main 
branches of the pulmonary artery. Another 
animal is of considerable interest in that it was 
explored at ten days and found to be in frank 
decompensation with a greatly dilated, labor- 
ing, cyanotic heart and pericardial effusion and 
bilateral hydrothorax. 

In those specimens showing severe disease, 
the right coronary artery was dissected out 
with its radicals or injected with dye in order 
to determine whether or not any significant 
arterial branches had been included in the 
ligatures placed about the veins. Although a 
few tiny arterial twigs had been thus ligated, 
no instance of occlusion of a significant arterial 
branch was found. 

Microscopie sections taken through the dis- 
eased areas of the right ventricle (fig. 3) show 
variable pictures depending upon the duration 
of the process. In the early period there is 
engorgement of the tissue with edema ‘luid 
and extravasated red blood cells. The miiscle 
bundles become split apart and the cells become 
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swollen. Later specimens show the cytoplasm 
to }ecome pale, vacuolated, and granular. Mac- 
ropliages appear and contain ingested hemo- 
siderin together with fragments of cellular 
debris. The muscle bundles disintegrate and 
young fibroblasts grow in to replace them. As 
the process advances, the ventricular wall be- 
comes thinner and, in the late specimens, is 
represented almost entirely by connective tis- 


sue 








Discussion 


Naturally, one would wonder what role the 
second operation has played in the production 
of this pathologic picture. It is probable that 
it has had very little to do with the damage 
to the right ventricle since some of those ani- 
mals sustaining the most severe myocardial 
injury were not subjected to the second opera- 
tion. Furthermore, extensive damage to the 
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Fig. 4.—Changes in coronary sinus pressure associated with ligation. (Records made with San- 
born Electromanometer.) A (Upper left), Tracing made from the coronary sinus of a normal dog 
under ether anesthesia. Pressure 0-4 mm. mercury. B (Upper right), Tracing made from the coro- 
nary sinus of the same dog five minutes after ligation of the sinus at its ostium. Pressure 55/15 mm. 
mereury. C (Lower left), Tracing made two hours after sinus ligation. Pressure 95/15 mm. mercury. 
D (Lower right), Tracing made from the thoracic aorta two hours after sinus ligation. Pressure 


5/50 mm. mercury. 


Two of the 17 dogs showed normal-appearing 
myovardium in the right ventricles. In these 2 
animals, a large vein was found buried in the 
epicardial fat, freely communicating with the 
right ventricle and draining into the floor of 
the -inus just at the ostium. In this hidden 
posil ion, it was missed at operation and escaped 
inclision in the coronary sinus ligature. In one 
othe: dog showing a very mild degree of fibrosis 
there was an open vein in this location. 


right ventricle is not seen in dogs that have 
been subjected to exactly the same procedures 
as this present group with the single exception 
that the anterior cardiac veins have not been 
ligated. 

What is the mechanism responsible for pro- 
ducing infarction in this group? To answer this 
question requires further study, but one may 
reason as follows: Gregg and Dewald‘* have 
shown that the intravenous pressure in a coro- 
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nary vein or in the coronary sinus rises after 
ligation of the coronary sinus to values ap- 
proaching the aortic systolic pressure during 
systole and to 20 to 40 mm. Hg during diastole. 
Some idea of the extent of these changes may 
be obtained from the pressure tracings in fig- 
ure 4+ taken from the coronary sinus before and 
after ligation of the latter. The ligation of the 
additional superficial veins draining the right 
ventricle puts the entire load for venous drain- 
age from that chamber on the thebesian and 
arterioluminal vessels. The ‘trun off” into the 
latter is inadequate and, with pressure in the 
capillaries and veins approaching aortic levels, 
blood and edema fluid extravasate into the in- 
terstitial spaces. The thin-walled right ven- 
tricle can ill accept such engorgement. Further- 
more, it has been our observation that the 
radicals of the right coronary artery of the dog 
are of very small caliber and the flow through 
these radicals is probably reduced not only by 
the greatly elevated intraluminal peripheral 
resistance but also by extraluminal compres- 
sion from distention of the myocardium. The 
net result of these forces is a markedly dimin- 
ished or absent flow of oxygenated blood 
through the right ventricle. With the passage 
of time, compensation eventually occurs, but 
not before there has been considerable destruc- 
tion of ventricular muscle. 

That the effect is largely one of venous occlu- 
sion and not reduction in available channels 
for arterial inflow may be deduced from the 
fact that by inadvertently leaving one mod- 
erate-sized superficial vein free to drain into 
the right auricle, the right ventricle was spared 
in two dogs and only slightly damaged in a 
third. 

These observations are in agreement with 
those of Gregg and Shipley® on superficial car- 
diac vein occlusion and lend support to their 
view that the thebesian vessels are not, in 
themselves, sufficient for adequate drainage of 
all the blood from the myocardium. 

The value of these observations is twofold. 
In the first place, the discovery of the destruc- 
tive effect on the right ventricle instituted by 
ligating both the coronary sinus and the an- 
terior cardiac veins should eliminate this pro- 
cedure as a method of preventing an arterio- 


venous fistula effect in the Beck operation. 
Unless some other technic can be deviseii, jj 
would be preferable to accept the risk of any 
arteriovenous fistula which might develo) la 
the second place, a method has presented j: self 
whereby acute and chronic disease of the right 
ventricle may be produced for experimental 
study. 
SUMMARY AND CONCLUSIONS 


1. Twenty-four dogs were subjected to liga- 
tion of the coronary sinus together with lig::tion 
of the anterior cardiac veins. This was found 
to be a prostrating operation and earried 
mortality of over 12.5 per cent. 


2. Seventeen of the dogs were studied post 


mortem one to forty-nine days postoperatively, 


Twelve of the 17 dogs had sustained a second 
operation consisting of a vein graft connecting 
the aorta with the coronary sinus. Reasons are 
given why it is felt that this second procedure 
Was not instrumental in producing the patho- 
logic picture presented. 

3. Fifteen of the 17 dogs showed damage to 
the right ventricle, varying from thinning and 
patchy fibrosis to massive infarction. The mi- 
croscopic sections resembled various stages of 
infarction. 

4. Two dogs showing no damage to the right 
ventricle were found to have one large patent 
vein opening into the floor of the coronary sinus 
at its ostium. 

5. The following conclusions are drawn: 

a. Ligation of the coronary sinus and _ the 
anterior cardiac veins alone produces infarction 
of the right ventricle by raising the intraluminal 
pressure to such an extent that, together with 
extraluminal compression from edema. fluid, 
there is inadequate flow of oxygenated blood. 

b. The intramural venous drainage system is 
incapable of assuming the entire venous out- 
flow load. 

c. Ligation of the anterior cardiac veins 
should not be used to prevent the development 
of an arteriovenous fistula effect in the Beck 
operation. 
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The Question of the Function of the 
Right Ventricular Myocardium: 
An Experimental Study 


By Aveustvs C. P. Bakos, M.D. 


A laboratory study designed to investigate the independent pump-like function of the right ven- 
tricle of the dog heart is presented. Systolic and diastolic pulmonary arterial pressure fluctuations 
were used as the definitive criterion for pumping efficiency. Control pressure levels are compared 
with those recorded after complete damage, by electrosurgical coagulation, of the free right ven 
tricular myocardium. The degree of damage so produced was ascertained from an analysis of elec 
trocardiographic, physiologic and histologic observations. The results are discussed and explained 
in terms of a postulated mechanism based upon the architecture of the individual ventricular muscle 


bands. 


HE MUSCULATURE of the right 
ventricle of the normal mammalian 

heart is generally considered to function 

as an efficient pump, alternately contracting 
and relaxing and thus transferring blood from 
the venous side of the systemic circulation to 
the pulmonary arterial side. This, supposedly, 
lowers pressures in the systemic veins and raises 
them in the pulmonary arterial circulation and 
assures an adequate pressure gradient for 
normal blood flow in both systems.!~? On the 
basis of this concept it is reasonable to assume 
that a rise in the upstream (peripheral venous) 
and a fall in the downstream (pulmonary ar- 
terial) pressures will occur as a result of a 
decrease in the pumping efficiency of this 
chamber. The usual elevation in the peripheral 
venous pressure in clinical cases of dissociated 
right-sided heart failure is generally interpreted 
as a manifestation of such a unilateral de- 
ficiency.°-" Much clinical?-“ and experimen- 
tal'®-"8 evidence has accumulated in the past, 
however, which conflicts with this concept. 
Starr demonstrated that experimentally pro- 
duced severe damage of the right ventricle 
of the dog heart did not effect more than a 
minimal rise in the upstream systemic venous 
From the Department of Physiology, Georgetown 
University School of Medicine, Washington, D. C. 
A preliminary report of this study was presented 
at the annual meetings of the Federation of American 


Societies for Experimental Biology, March, 1948. 
(Federation Proc. 7: 204, 1948.) 


pressure. This latter investigation gave impetus 
to the present studies which are concerned with 
the effect of similarly produced damage of the 
right ventricle on the downstream systolic 
and diastolic pressures in the pulmonary 


artery. These experiments demonstrate a main- 
tenance of the control level of both these pres- 
sures as well as the systemic venous pressure 
after the production of complete coagulation 
and necrosis of the myocardium of this cham- 
ber. This seems to indicate that active contrac- 
tions of the right ventricular myocardium of 
the dog heart are not absolutely necessary for 
efficient force-pump function of the right ven- 
tricle. An explanatory anatomic and _physio- 
logic correlative study is discussed. 


METHODS 


Acute experiments were performed on_ healthy 
mongrel dogs anesthetized by an initial injection 
of 35 mg. per kilogram of body weight of sodium 
pentobarbital (Nembutal) and then placed in a 
supine position. With the attainment of surgical 
anesthesia the thorax was opened by a longitucinal, 
midsternal incision; thereafter the animals were 
sustained by intermittent positive pressure from an 
artificial respirator. A hammock-like sling was de- 
vised from the pericardial sac as a means 0} pre- 
venting positional changes of the heart during the 
course of the experiments. Mean systemic arterial 
pressure was recorded by a mercury manoieter 
from a direct cannulation of the left carotid artery. 
A membrane manometer of the Hiirthle typ: was 
employed for the determination of the sy-tolic 
and diastolic pressure fluctuations in the pulm«nary 
arterial system. This was accomplished by th in- 





AUGUSTUS (¢ 


sertion of a glass cannula into a stem branch of the 
left oulmonary artery. Heparin was used as the 
anti: oagulant. Peripheral venous pressures were ob- 
tain | by periodic observations of the meniscus 
of a -aline hydrostatic manometer connected to the 
fem val vein. The arterial pressures were recorded 
cont ‘uuously on smoked paper. The “zero” pressure 
of ol systems was referred to the horizontal 
leve’ at which the superior vena cava entered the 
right atrium. 

A:ter the allowance of a sufficient period of time 
for tie animals to recuperate from the preliminary 
operitive procedures, cauterizing instruments were 
periodically applied to the right ventricular mus- 
culature. Short intervals of time were permitted 
between applications for cardiovascular readjust- 
ments. In early experiments a soldering iron was 
used as the cauterizing agent and many repeated 
applications were necessary to produce extensive 
damage. In subsequent studies a high-frequency 
electrosurgical coagulator was resorted to in order 
to produce more severe and practically complete 
anatomie damage of the musculature. With the use 
of this latter method, which required fewer appli- 
cations, it Was necessary to exercise great care in 
order to prevent immediate and fatal ventricular 
fibrillation. This was accomplished by removing the 
electrocoagulator at the first indication of any ir- 
regularities in rhythm. Cauterization was produced 
in all experiments by a direct application of the 
cautery to the whole epicardial surface of the right 
ventricle; charring was restricted to the surface 
landmarks of the ventricle as determined by pre- 
liminary anatomic studies of normal dog hearts. 
Damage was inflicted to the maximum degree that 
could be obtained by the particular method used. 
With the use of the soldering iron this was deter- 
mined by the seepage of luminal blood through small 
fissures occurring in the charred muscle; with the 
electrocoagulator a definite period of time, as de- 
termined by preliminary studies, was allowed for 
each cauterization in order to produce destruction 
of the entire thickness of the wall. It was necessary 
to raise the heart momentarily in order to reach its 
posterior portions with the cautery instruments. 

Ii several experiments the right coronary artery 
Was dissected free from its supporting tissues and 
ligated near its aortie origin. Damage was then in- 
flicte'! to the right ventricle of the 2 animals that 
survived this procedure. In two other experiments 
supe ficial damage to the left ventricular muscle 
Was roduced subsequent to the production of max- 
imu: damage to the right side. 

U ipolar electrocardiographic tracings, utilizing 
a’ no ipolarizing electrode,!® were recorded directly 
fron. several selected points representing the whole 
ares of the right ventricular epicardium: These were 
taki: initially as controls and later, from the same 
sele ‘ed points, in 7 animals after myocardial damage 
Was -ompleted by electrosurgical coagulation. 
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The degree of damage so produced in these studies 
was ascertained at the termination of each experi- 
ment by a gross and microscopic post-mortem ex- 
amination. The development of any peripheral or 
pulmonary venous congestion was also noted at this 
time. 


OBSERVATIONS 


The following results are based on observa- 
tions taken from the 21 experimental animals 
which survived the drastic procedures em- 
ployed. In 9 animals the soldering iron was 
used, in 10 the electrosurgical coagulator, and 
in 2 a ligation of the right coronary artery 
followed by electrosurgical coagulation. In all 
these right ventricular damage was carried 
out to the maximum degree. 

In all twenty-one experiments the systolic 
and diastolic pressures in the pulmonary artery 
remained surprisingly constant from the initial 
control period to the time following the com- 
pletion of the damage. As can be seen in figure 
1, which is a tracing from a representative ex- 
periment, these pressures fluctuated between 
approximately 40 mm. Hg systolic and approx- 
imately 10 mm. Hg diastolic initially as well 
as after the final charring period. These values 
are closely similar to those obtained in all 
animals studied and are consistent with the 
results reported by others.*°- In some instances 
the animals were allowed to survive as long 
as six hours after maximum right ventricular 
damage without any recorded change in these 
pressures. Following this extensive damage the 
peripheral venous pressure did not show more 


than a 1 or 2 cm? of water rise or fall in any 
experiments. This corroborated Starr’s’ pre- 


vious observations. No significant changes 
were observed to have occurred in the level of 
the mean systemic arterial pressures. A small 
drop in these latter pressures usually occurred 
following the cannulations and the chest sur- 
gery; however, a steady state was reached prior 
to the infliction of damage to the heart and 
from then on no change was noted. 

It was further noted that following this ex- 
tensive destruction of the musculature of the 
right ventricle the free wall of this chamber 
failed to show any signs of active contractions. 
This occurred without any evidence of altera- 
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tion in the systolic or diastolic pulmonary ar- sequent to maximum destruction of the right. 
terial pressures. In these instances, and after a few cauteriza- 
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Fic. 1.—The effects of charring of the right ventricular myocardium on the systemic arterial blood 
pressure (S.A.B.P.—upper tracing) and the pulmonary arterial blood pressure (P.A.B.P.—lowe: 
tracing). Each arterial system is referred to its respective ‘‘zero’’ pressure level. Peripheral venous 
pressures (P.V.P.) observed during these periods are numerically indicated below in centimeters 
of water. (Dog 16) 
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Fic. 2.—A comparison of direct unipolar electrocardiographie tracings recorded from selected 
points during the control period (upper series) with those recorded from these same points following 
electrosurgical damage of the right ventricle (lower series). The numbers refer to the points on the 
epicardial surface of the right ventricle from which these tracings were obtained. (Dog 12.) 


The only significant changes in pressures were tions of the epicardium of the left ver 
observed in the two experiments in which the the pressures in both the pulmonary 
left ventricle was moderately damaged sub- svstemic arteries began to fall simultan: 
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and inally, with the death of the animal a 
few ainutes later, they reached the static level. 

E. -etroeardiographic tracings recorded di- 
rect. « from the epicardial surface of the normal 


Fic. 3. 
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from points from the various regions of the 
epicardial surface of the right ventricle from 
which they were obtained. In general they all 
showed characteristic R- and S-wave deflec- 


Anterior view of dog’s heart demonstrating effect of multiple applications of the 


oldering iron to the right ventricular myocardium. 


righ’ ventricle by means of a nonpolarizing 
uniy lar exploring eleetrode displayed ven- 
tric) ar complexes of the type reported by 
Wil on and his associates.’® These showed the 
sam. variations in form as was to be expected 


tions, isoelectric RS-T segments, and upright 
T waves (fig. 2, upper series). Following the 
production of maximum damage to the right 
ventricle these same selected points produced 
ventricular complexes of radically different 
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outline but which closely resembled each other 
regardless of the position of the exploring elec- 
trode (fig. 2, lower series). These were char- 
acterized by deep QS deflections, representing 
the potential variations of the cavity of the 
right ventricle, and upwardly convex and up- 
wardly displaced RS-T segments. This latter 
change, in all probability, had its origin from 
the zone lying between the destroyed muscle 
of the wall of the right ventricle and the nor- 
mal undamaged left ventricle. 

Gross and microscopic postmortem examina- 
tions showed that over 75 per cent necrosis of 
the wall of the right ventricle was produced 
in experiments in which the soldering iron was 
used as the cauterizing agent (fig. 3). With the 
use of the electrosurgical coagulator these 
studies demonstrated coagulation necrosis of 
the entire area and thickness of the wall of 
the right ventricle including the subendo- 
cardial myocardium so that the free wall of 
the right ventricle showed complete anatomic 
damage. No evidence of peripheral venous or 
pulmonary congestion or edema was noted 
at this time in any of the experiments including 
the ones in which the left ventricle was damaged 
subsequent to the right. In these latter experi- 
ments postmortem observations revealed small 
circumscribed areas of necrosis of the free 
wall of the left ventricle due to the few ap- 
plications of the cautery prior to death of the 
animal. 


DiIscussION 


It can be stated without equivocation that 
as a result of the cauterization procedures em- 
ployed in these acute experiments the right 
ventricular myocardium was _ thoroughly 
damaged anatomically, and no longer func- 
tioned as an actively contracting organ. This 
is apparent from the postmortem gross and 
microscopic findings of coagulation necrosis 
of the entire free wall of the right ventricle 
and the conspicuous absence of action poten- 
tials (electrocardiographic R waves) which 
normally originate from activity of the right 
ventricular myocardium. 

Before discussing the results of these experi- 
ments in terms of function of the right ven- 
tricle the value of systolic and diastolic pul- 


monary arterial pressure changes as an index 
of the efficiency of the right ventricular pump 
must be considered. It is well known that the 
hemodynamics of a pulsating circulation sys! em 
depends upon the discharge volume of the 
pump (stroke output), and upon the elasticity, 
and peripheral resistance of the receiving 
conduits and upon the viscosity and volime 
of the circulating fluid. Changes in anv of 
these factors can alter the size and config iira- 
tion of the pulse pressure curves recorded. The 
stroke output of the pump, of course, is directly 
dependent upon the amount of fluid it reccives 
and the efficiency of its foreepump-like con- 
tractions. The manner in which these factors 
affect the systolic and diastolic arterial pressure 
fluctuations is adequately discussed in iext- 
books of physiology. It is important to state 
here, however, that with a decrease in pump 
stroke output (other factors remaining con- 
stant) there would result a greater drop in the 
systolic pressure than in the diastolic pressure. 
The net effect would be a decrease in the pulse 
pressure. The reason for this less pronounced 
effect on the diastolic pressure is that as a result 
of the lower pressure at the end of the systolic 
ejection period (owing to the decreased stroke 
output) the pressure gradient is less throughout 
diastole and therefore less blood will ‘trun off” 
through the peripheral arterioles. If the heart, 
which is the source of the energy driving the 
fluid through the system, should entirely cease 
its function as a contracting pump organ, its 
stroke output will be reduced to zero and the 
pressures in the receiving arterial system will 
then be dependent upon but less than the head 
of pressure in the upstream peripheral veins. 

This line of reasoning can now be applied, 
along with a consideration of the other hydro- 
dynamic factors, to the right ventricular pump 
and the pressure fluctuations in the pulmonary 
arterial system. Normally, since the right 
atrial pressures are lower than those recorded 
in the pulmonary arteries, it is obvious that 
the vis a tergo of the left ventricular pump, 
along with the intrapleural respiratory pre=sure 
changes and the skeletal muscle “squecze,” 
‘annot be responsible for the higher pulmonary 
arterial pressures. Because of the decre: sing 
pressure gradient from the right ventric! to 
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the ‘ft atrium, the pulmonary arterial pres- 
sure must therefore be dependent upon 
pres-ure changes occurring in the cavity of the 
right ventricle. According to our classic con- 
cept- the independent active pumping con- 
tractions of the right ventricle are entirely 
respousible for these intracavity pressure 
chanzes which thus in turn maintain the stroke 
output into the pulmonary arterial system. The 
pressure fluctuations in this system vary as 
the product of the stroke output of the right 
yentricle and the peripheral resistance offered 
by the pulmonary arterioles. Increases in the 
latter can no doubt compensate for minor de- 
creases in the stroke output and still maintain 
an adequate mean pressure level. Under these 
conditions, however, the pulse pressure will 
decrease and with eventual reductions of the 
right ventricular stroke output to zero, the 
pulsatile flow will cease altogether and the 
pulmonary arterial pressures will then be de- 
pendent upon the level of the filling pressure 
in the upstream peripheral veins. Likewise, 
regardless of the high degree of elasticity pos- 
sessed by the pulmonary arterial conduits 
(which thus affords relatively large stroke 
volume changes with minor pressure changes) 
the ultimate pulse pressure will be directly de- 
pendent upon the stroke volume of the right 
ventricle. 

In so far as no recordable changes were ob- 
served to occur in the systolic, diastolic, or 
pulse pressures in the pulmonary arterial 
system following the production of this ex- 
treme degree of right ventricular damage, the 
question is raised as to the source of energy 
responsible for the output of the right ventricle 
and ‘he maintenance of these pressures. The 
artificial respirator used in these studies was 
not the source, since the pulmonary arterial 
pressiire fluctuations were not synchronous 
with the rhythm of the respirator. It was 
further observed that when the respiratory 
pum)» was momentarily turned off the pressure 
fluet\.ations in the pulmonary arteries con- 
tinud. The relatively constant systemic venous 
pressure, Which was well below the recorded 


pulmonary arterial pressure in all experiments, 
exclides the possibility that the latter pressures 
Were maintained by the vis a tergo of the left 


ventricular myocardium and the other factors 
which tend to maintain the systemic venous 
pressure. 

The results observed in the two experiments 
in which the left ventricle was superficially 
‘auterized subsequent to maximum damage of 
the right ventricle seem to indicate that the 
energy expenditure of the contracting left 
ventricle is directly responsible for the main- 
tenance of these pulmonary arterial pressures. 
The basis for a probable explanation of the 
manner in which this occurs can be seen from 
a study of the architecture and function of the 
four main, distinct, and independently con- 
tracting ventricular muscle bands comprising 
musculature common to both ventricles. The 
structural relationships between these muscle 
bands are similar in both human and canine 
hearts.-?> These include the superficial sino- 
spiral and bulbospiral muscles (fig. 4) and the 
deep bulbospiral and sinospiral muscles (fig. 
5). Each of the superficial muscles partially 
encircles both ventricles, but considered to- 
gether they completely envelop, in a supple- 
mentary manner, the whole surface of the 
heart. The deep sinospiral completely encircles 
both ventricles but splits, at the posterior inter- 
ventricular groove, in such a manner that the 
greater mass of its fibers, though continuous 
with the rest of the muscle, projects deeply 
and enters into the formation of the inter- 
ventricular septum. The lesser mass of this 
muscle passes more superficially and fuses with 
the previously described superficial muscles. 
The deep bulbospiral is the only muscle band 
which is confined to one ventricle, namely, the 
left. It has been postulated by Robb and Robb?® 
that this muscle band is important, owing to 
its sphineteric arrangement around the base of 
the left ventricle, in completing ventricular 
ejection and maintaining systolic pressures in 
the aorta by supporting the column of blood 
ejected. These same investigators state that 
“the deep sinospiral muscle forms the main 
mass of the right ventricle and must be re- 
sponsible for the maintenance of the pulmonary 
circulation.” 

The importance of these muscle masses as 
a probable explanation for the results of these 
experiments is based upon (1) their encircling 
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arrangement—enveloping both ventricles in 
one continuous sweep—and (2) the fact that 
the poriion of these muscles making up the 


Fic. 4. 
spiral (A, top) and the superficial sinospiral (B, 
bottom) muscles. Note how the two muscles, con- 
sidered together, completely envelop the heart in a 
supplementary manner. M represents the mitral 
valve; A, the aorta; T, the tricuspid; L is the left 
and R the right ventricle; P, AP, and PPM are the 
papillary muscles. (This figure and figure 5 were ob- 
tained through the courtesy of Dr. J. S. Robb, from 
Robb, Hiss, and Robb: Am. Heart J. 10: 289, 1935.) 


Posterior view of the superficial bulbo 


left ventricle is larger, thicker, and more 
powerful in its contraction than the portion 
making up the thinner right ventricle. Because 
of this encircling arrangement the tension de- 


veloped during contraction of the undamaged, 
thicker, portion is mechanically transmitied, 
through this anatomic continuity, to the 
damaged, nonfunctioning, thinner, right ven. 
tricular portion. Since the mass of the left 


Fic. 5.—-Posterior view of the deep bulbospiral 


(A, top) and the deep sinospiral (8B, bottom) muscles. 
Note that the deep bulbospiral muscle is limited to 
the base of the left ventricle and that the deep sino 
spiral completely encircles both ventricles and also 
forms the muscular interventricular septum. Labels 
same as in figure 4. 


ventricular portion is far greater than tha' of 
the right ventricular portion it is assumed 
that the contribution of each towards the total 
tension developed during contraction of ‘he 
muscles as a whole is also of this proport on. 
Thus, according to this postulation, removal 
of the thinner right ventricular contribu‘ ion 
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does not materially subtract from the total 
te: sion developed during systole. Therefore, 
contraction of the left ventricular portion 
transmits tension to the right ventricular 
poriion with a resultant increase in the cavity 
pressure of this latter chamber and consequent 
eje-tion of blood into the pulmonary arterial 
syyem. When the thicker, more powerfully 
contracting, left ventricular portion is damaged, 
subsequent to maximum damage of the right 
ventricular portion, the ejection of blood from 
bot chambers decreases with a resultant simul- 
taneous drop in the pressures in both arterial 
systems. 


SUMMARY AND CONCLUSIONS 


ln acute experiments performed on 21 dogs 
the musculature of the right ventricle was 
directly and completely damaged by cauteriz- 
ing instruments. No changes were observed to 
occur in the peripheral venous and _ systolic 
and diastolic pulmonary arterial pressures 
following this degree of damage as compared to 
the control level of these pressures recorded 
prior to the cauterizations. The degree of 
damage produced was ascertained from direct 
unipolar eleetrocardiographiec tracings recorded 
during the study and later by gross and micro- 
scopic postmortem observations. 

Despite this complete inactivation of the 
right ventricle the myocardium of the left 
ventricle apparently mechanically transmitted 
its energy, through the continuity of the cir- 
cumscribing individual ventricular muscle 
bands, to the right ventricle so that this latter 
chamber passively functioned as an efficient 
force pump. 

An actively functioning right ventricle is 
therefore not absolutely necessary for the 
maintenance of a normal pressure gradient in 
the pulmonary arterial tree. It is also apparent 
the’ the function of the two ventricles cannot 
be lissociated in an independent manner since 
the architecture of the distinct myocardial 
buds makes it mandatory for an integrated 
an unified function of both chambers. 

he relationship of these experiments to the 
dysamies of congestive heart failure is yet 
to be considered. Perhaps chronic experiments 
pe'tormed along similar lines may offer in- 


teresting observations towards the solution of 
this perplexing problem. Recent observations" 
during clinical investigative studies seem to 
parallel the conclusions from the observations 
in these present experiments. 
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Anti-Adrenergic Effects of Nitroglycerin 
on the Heart 


By W. Raas, M.D., AND E. Lepescukin, M.D. 


The therapeutic effect of nitroglycerin is generally attributed to its coronary dilator effect alone. 
In contrast, it could be shown that nitroglycerin also counteracts the chronotropic as well as the 
electrocardiographic T-wave depressing effects of epinephrine, arterenol and cardiac sympathin 
upon the heart. Accordingly, its therapeutic action in angina pectoris is suspected as being 
largely due to a chemical protection of the heart muscle against the chemically anoxia-producing 


effects of sympathomimetic amines. 


HERE is a widespread tendency among 
cardiologists to interpret the mechanism 
of functional cardiac changes primarily 
or exclusively in terms of alterations of the 
coronary blood flow or of cardiac muscular 
dynamics, while little or no attention is paid 
to the fundamental role of myocardial cell 
metabolism and its neurohormonal regulation. 
This tendency applies also to the evaluation of 
the effects of nitroglycerin, the coronary-dilator 
action of which is generally assumed to explain 
all of its eardiae manifestations and especially 
its therapeutic efficiency in angina pectoris. 
However, some investigations, dealing with 
the chemically anoxia-producing effects of sym- 
pathomimetie neurohormones and their deriva- 
tives!:!5-16.24.26and with the probable pathogenic 
role of epinephrine and sympathin in the origin 
of the anginal syndrome,” have made the purely 
mechanistic conception of the action of nitro- 
glycerin on the heart questionable. They have 
put emphasis on the possibility that nitroglye- 
erin might interfere with the oxygen-con- 
suming, anoxia-producing effects of epineph- 
rine-sympathin on the contractile substance of 
the heart directly, in a way similar to the direct 
counteraction exerted by nitroglycerin against 
the \asopressor effect of epinephrine on the con- 
tractile substance of the blood vessels.’ A spe- 
cific indication of such an antiadrenergic action 
of vitroglycerin on the heart was seen in the 
fact that the cardioaccelerator effects of epi- 
Fyrom the Division of Experimental Medicine, 
Uni ersity of Vermont, College of Medicine, Burling- 
ton. Vt. 
‘| his study was aided by a grant from the National 
Insitute of Health. 
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nephrine, of stimulation of the stellate ganglia, 
and of acetylcholine in the atropinized cat 
were markedly diminished in the presence of 
nitroglycerin.* 

The following experiments were carried out 
in order to further elucidate the interference 
of nitroglycerin with adrenergic actions upon 
the heart. 


METHODS 


Atropinized cats under Nembutal anesthesia, with 
the adrenal glands tied, and with artificial respira- 
tion, were used throughout. Rapid intravenous in- 
jections were given in an exposed femoral vein; slow 
infusions were made with a motor-driven syringe, 
operating at a constant velocity and connected 
with a femoral vein. The stellate ganglia were stimu- 
lated by means of attached shielded-wire electrodes 
and a “Variae” transformer at a voltage of 10. The 
blood pressure was recorded from a common carotid 
artery. Electrocardiograms were synchronized with 
corresponding points of the blood pressure curve 
through a time marker on the kymograph which was 
connected with the switch of the electrocardiograph. 
In most instances chest leads CR: and CR, were 
used, as they were found to be least influenced by 
the position of the heart. In a few experiments ex- 
tremity leads and leads from the pericardial sur- 
face were registered. The changes of the amplitude 
of the T waves above and below the zero line were 
plotted on graph paper together with the blood 
pressure and heart rate curves. Because of the fre- 
quent absence of a distinct T-P segment, caused 
by a fusion of the T and P wave because of tachy- 
cardia, the P-R junction was considered the most 
reliable representation of the zero line. 

Epinephrine and dl-arterenol* (nor-epinephrine, 


*We wish to express our appreciation to Dr. M. 
L. Tainter of the Sterling-Winthrop Research In- 
stitute, Rensselaer, N. Y., through whom dl-arterenol 
was generously supplied. 
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supposedly identical with sympathin®7) and sym- 
pathin, extracted from cattle hearts, were injected 
rapidly (two seconds) in doses of 5 to 40 y in 4 to 6 
ec. of Ringer solution or infused slowly at a speed 
of 1.0 ce. per minute (each ec. contained 50 y). 
Cardiac sympathin was obtained through extrac- 
tion from fresh cattle heart by a slight modification" 
of the method of von Euler.’ The dosage was es- 
tablished through colorimetric assay of the fresh ex- 
tracts by the method of Shaw’ as modified by 
one of us.'!° It was expressed in ‘“‘y equivalents,” 
each of which corresponded to the colorimetric and 
approximately to the vasopressor effect of 1 y of 
epinephrine."' Immediately before injection the acid 
extracts were brought to a pH of 7 with sodium bi- 


carbonate. . 


Nitroglycerin was injected or infused intravenously 
before or together with the other substances and 
procedures in doses of 2.0 to 10.0 milligrams. 


RESULTS 


Epinephrine, Arterenol (Synthetic Sym- 
pathin), and Natroglycerin. Injections of epi- 
nephrine and of arterenol were followed by 
elevations of the blood pressure (70 to 125 
mm. Hg) which were of about the same mag- 
nitude with both substances; the injections 
were also followed by cardiac acceleration (10 
to 92 beats per minute) which was practically 
the same for both substances, and by electro- 
cardiographic manifestations almost identical 
for both drugs. The electrocardiographiec find- 
ings consisted essentially of a transient flatten- 
ing or inversion of the T wave between the 
15th and 50th to 150th second and usually a 
subsequent elevation of the T wave, lasting 
until about the 200th second (fig. 1). (In most 
instances there was an early elevation of the 
T wave, beginning two to six seconds after in- 
jection and lasting for only a few seconds. This 
phenomenon, which was also present on injec- 
tion of corresponding amounts of plain Ringer 


solution, is apparently due to cooling of the. 


subendocardial ventricular muscle layers and 
is not specific for the sympathomimetic amines 
used.) 

Injection of nitroglycerin alone for control 
purposes was followed by a transient fall of 
the blood pressure (30 to 60 mm.), usually a 
slight cardiac acceleration but, in some in- 
stances, a very slight retardation, and a mini- 
mal to moderate elevation of the T wave, per- 


sisting from a few seconds to about two hun- 
dred seconds. 

When epinephrine or arterenol was injected 
or infused simultaneously with nitroglycerin, 
the blood pressure elevation was weakened or 
transformed into a fall, the cardiac acceleya- 
tion was diminished or abolished, epinephrine- 


induced extrasystoles did not recur, and ‘he 
adrenergic depression of the T wave was 
weakened (decreased or shortened or both) or 
entirely abolished (figs. 1 and 2), even if ‘he 
elevations of the T wave, due to nitroglycerin 
itself, were taken into consideration (table 1). 
The succeeding elevation of the T wave, which 
is probably caused by a transient hyperpotas- 
semia,'* was not significantly altered. Changing 
the sequence of nitroglycerin control injections 
and combined nitroglycerin-epinephrine or ar- 
terenol injections did not affect the results. 
Faradic Stimulation of Stellate Ganglia and 
Nitroglycerin. Stimulation of the stellate ganglia 
(both sides simultaneously or the right side 
alone for ten to thirty seconds) was followed 
by cardiac acceleration (20 to 80 beats per 
minute) and by flattening or inversion of the 
T wave which persisted for one to four minutes 
(fig. 3). If the stimulation was repeated thirty 
to forty seconds after intravenous injection of 
nitroglycerin, at a time when the transient 
T-wave changes produced by nitroglycerin it- 


self had disappeared, the electrocardiographic 
effect of the stimulation was diminished or 
abolished (table 1). No significant diminution 
of the average cardiac acceleration was ob- 
served, in contrast to earlier experiments’ in 
which nitroglycerin had been infused simul- 
taneously with the stimulation. 

Injection of Cardiac Sympathin and Nitro- 
glycerin. Except for a transient initial fall and 
a somewhat retarded maximal elevation of the 
blood pressure, the vasopressor, cardicac- 
celeratory, and electrocardiographic effects of 
sympathin, extracted from the heart muscle of 
‘attle, were in several experiments practic.lly 
identical with those of colorimetrically equiva- 
lent doses (5 to 30 micrograms) of epinephrine 
or arterenol (fig. 4). Combined injection with 
nitroglycerin resulted in a weakening of he 


vasopressor, cardioaccelerator, and elecir0- 
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: 1.—Average Diminution of Adrenergic Effects 
the Heart Through Simultaneous or Preceding 
ntravenous Administration of Nitroglycerin* 


Number 
of 
Experi 
ments 


Cardiac 
Accele- 
ration 


Maximal Depression 
of T wave 
(Leads CRi, CRs, IT) 


of Experiments 


ephrine — in- 
jected or infused 
Artcrenol injected 
ulation of stel- 
ate ganglia 
diae sympathin| —14% 
injected 


—37% |—338% to —61% 
—29% |—92% to 


-~6%t|-61% to 


—~100% 
—~80% 


—25% to —100% 


* |-xpressed in per cent of the original adrenergic 
effects (with the action of nitroglycerin alone in- 
corporated into the calculation). 

Nitroglycerin had been injected before stimula- 
tion in these experiments. In earlier experiments 
(Raab and Humphreys’) in which nitroglycerin was 
infused during stimulation, the cardiac acceleration 
was markedly diminished. 


cardiographie effects of sympathin, taking the 
effects of nitroglycerin as such into account 
(table 1). 


. LEPESCHKIN 


COMMENT 


Adrenergic cardiac acceleration and T-wave 
depression in the atropinized cat, whether pro- 
duced by injection or infusion of epinephrine 
or of arterenol or of sympathin, extracted from 
cattle heart, or by stimulation of the cardiac 
sympathetic nerve, were diminished or entirely 
abolished by simultaneous or immediately pre- 
ceding intravenous injection of nitroglycerin. 

A similar effect (normalization of epineph- 
rine-induced __electrocardiographic changes 
through intramuscularly injected nitroglycerin) 
had been shown in one experiment by Douglas, 
Gelfand, and Shookhoff" in 1937, and Melville! 
has observed a protective action of nitroglye- 
erin against epinephrine-chloroform-induced 
ventricular premature contractions and fibrilla- 
tion. Russek and associates were able to 
abolish the depression of S-T and inversion of T 
in exercise tests on patients with coronary 
disease by administering 0.75 mg. of nitro- 
glycerin sublingually. All of these authors in- 
terpret the phenomena mentioned as being due 
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exclusively to the coronary dilator effect of 


the chemically oxygen-consuming and _ hus 
nitroglycerin. They give no consideration to 


anoxia-producing action of epinephrine an its 
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deri atives upon the heart, as demonstrated 
by \arious investigators,': '®. 16 %. 24.26 nor to 
the possibility that nitroglycerin might interfere 
with this chemical process in the heart muscle 
cells. apart from its relaxing effect upon the 
corouary vascular muscle cells.’ 

It seems unlikely that the T-wave depres- 
sion- and inversions, elicited by injected or 


by nitroglycerin is of no significance in account- 
ing for the nitroglycerin-induced diminution of 
the T wave under depression caused by the 
sympathomimetic amines, since the T-wave 
changes have been shown to be entirely inde- 
pendent of the pressor effects of these amines.” 

Unless we deliberately disregard the func- 
tional significance of myocardial metabolism 


COW HEART SYMPATHIN (Sy equ.,4ec,2sec) plus 
NITROGLYCERINE (4-mg) 
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neurally discharged sympathomimetic amines, 
should be due to a diminution of the coronary 
flow, since most investigators agree that the 
coron:ury flow is increased rather than decreased 
by these agents": '*- 2° and by stimulation of the 
cardiac sympathetic fibers.2°: 2!: °- *4-?6 Likewise, 
it is improbable that the diminution or aboli- 
tion of the adrenergic T-wave changes by nitro- 
glycerin should be caused by further dilatation 
of th coronary arteries, nor can the counterac- 
tion of nitroglycerin against the sympathomi- 
meti: neurohormonal acceleration of the heart 
be ascribed simply to coronary dilatation. 
The diminution of the pressor effects of 
epinephrine, arterenol, and cardiac sympathin 


60 90 [20 150 180210 24027 300 330 360 


Cont’d. 


and its alterations through the adreno-sym- 
pathogenic neurohormones, we feel compelled 
to consider the probability that the striking 
counteraction of nitroglycerin against adrener- 
gic cardiac manifestations is largely, if not en- 
tirely, due to a primarily chemical and not 
merely to a mechanical (coronary dilator) mech- 
anism. Further studies will have to be under- 
taken before this question can ultimately be 
settled. 

As far as the pathogenesis of angina pectoris 
is concerned, the therapeutic effect of nitro- 
glycerin cannot be accepted as proof of the 
existence of a “coronary spasm”; rather does 
it tend to support the concept of an epineph- 
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rine-sympathin-induced chemical anoxia of the 
myocardium as the basis of the anginal syn- 


drome.” 


SUMMARY 


Nitroglycerin strikingly counteracts the typi- 
‘al cardioaccelerator and T-wave depressing 
effects of epinephrine, arterenol, and neurally 
discharged or injected cardiac sympathin. 

This phenomenon is interpreted as being due 
to an interference of nitroglycerin with the 
metabolic, anoxia-producing effects of the sym- 
pathomimetic amines on the heart muscle 


rather than to the familiar coronary dilator . 


action of nitroglycerin, since coronary dilata- 
tion is elicited from the beginning by the sym- 
pathomimetic amines themselves. 

Implications of this concept in relation to 
the biochemical adrenosympathogenic mecha- 
nism of angina pectoris are briefly discussed. 
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Heart “Sympathin” 


By W. Raas, M.D., AnD E. Lepescuxkrin, M.D. 


With the technical assistance of W1LDA GicEr, R.N., A.B. 


In view of the growing recognition of the pathogenic role of the adrenosympathetie humoral neuro- 
transmitters in the heart muscle as chemical anoxia-producing agents, cardiac ‘“‘sympathin’’ was 
extracted and assayed both colorimetrically and biologically, and some of its chemical and pharma- 
codynamic properties were studied in detail. It proved to be at least in part identical with nor- 
epinephrine (arterenol) and to exert effects analogous to those of epinephrine and nor-epinephrine 
upon blood pressure, heart rate and the electrocardiogram (depression or inversion of the T wave). 
Its action was intensified by cocaine and counteracted by nitroglycerine. 


HE PRESENCE of a cardioaccelera- 

tory substance or substances in the 

heart muscle was discovered independ- 
ently by Demoor,' Haberlandt,? and Léwi? in 
the vears 1922, 1924 and 1926. While Haber- 
landt* denied, apparently on insufficient evi- 
dence, a derivation of his ‘“Herzhormon’’ from 
the adreno-sympathetie system, Léwi® identi- 
fied his ‘‘Akzeleransstoff”’ with epinephrine re- 
leased from the stimulated cardiac sympathetic 
nerves. Likewise, Cannon and Lissak* and Baeq 
and Fischer? considered the sympathomimetic 
material, isolated by them from the myocar- 
dium of cats and man, as being epinephrine. 
Gaddum and Khayyal* and Hoffmann, Hoff- 
mann, Middleton, and Talesnik® described the 
liberation of an ‘“‘adrenalin-like” substance into 
the coronary perfusion fluid, especially under 
the influence of acetylcholine, and McDowall’® 
made similar observations with minced heart 
muscle treated with acetylcholine. The pres- 
ence in the heart of sympathomimetic cate- 
cholamines other than epinephrine has been 
made probable by colorimetric findings of 
Shaw" and of one of us.” Von Euler,” having 
studied active heart extracts very carefully, has 
come to the conclusion that “the biological 
effects as well as the chemical tests seem to 
leave no doubt that the substance responsible 


!'rom the Division of Experimental Medicine, 
Un versity of Vermont, College of Medicine, Burling- 
tor Vt. 

(his study was aided, in part, by a grant from the 
National Heart Institute, and was carried out during 
the tenure (.L.) of a Research Fellowship of the 
An eriean Heart Association. 


for the sympathomimetic actions in the heart 
extracts is different from adrenalin, and is, in- 
stead, intimately related to some substance 
resembling nor-adrenalin.”’ (Adrenalin ani nor- 
adrenalin are identical with epinephrine and 
nor-epinephrine respectively.) 

Attempts at 9 quantitative assay of sym- 
pathomimetic catecholamines in the heart have 
been undertaken with colorimetric and_bio- 
logic methods by several investigators (table 
1). In order to study the cardiovascular and 
electrocardiographie effects of the cardiac sym- 
pathomimetic amines in detail, as well as to 
correlate these effects quantitatively with the 
results of the colorimetric assay of these amines, 
the following experiments were carried out. 


MerTHops 


(a) For the chemical assay of the cardiac cate- 
cholamines the colorimetric method of Shaw" was 
used on heart tissue‘and heart extracts in its modifi- 
cation by one of us." 

(b) Extracts of fresh hearts from cows, hogs and 
humans were prepared with a method, recently de- 
scribed by von Euler!’ for the extraction of sympa- 
thomimetic amines from various tissues. It is based 
on the same principle of isolation of these amines 
through adsorption by and subsequent elution from 
aluminum hydroxide as Shaw’s colorimetric method 
and is, therefore, particularly well suited for quanti- 
tative comparison of the biological and colorimetric 
results. Before intravenous injection, the acid ex- 
tracts were brought to pH 7.0 to 7.5. The dosage of 
the heart extracts was determined on the basis of 
their colorimetric readings and expressed in ‘‘“gamma- 
equivalents,” each gamma-equivalent corresponding 
to the chromogenic effect of one gamma of epineph- 
rine. 





742 HEART SYMPATHIN 


(c) All biologic tests were carried out on atropin- 
ized cats under Nembutal anesthesia under artificial 
respiration and with the adrenals tied off. The ex- 
tracts and other solutions were injected within 2 
seconds into the left femoral vein in volumes of 4 
to 6 ec. The blood pressure was recorded from a com- 


TABLE 1. 


Investigator 


Lowi (5) Frog 
Shaw (11) Frog 
Shaw (11) Rabbit 
Cannon and Lissak (6) Cat 
Raab (12, 50) Rat 
Raab & Humphreys (32) Cat 
Raab (14) Man 
Raab (51) Cow 
Baeq and Fischer (7) Man 
von Euler (13) 


Species from which material 
was obtained 


Cow, horse, eat 


of the T wave above and below the electrocardio- 
graphic base line, were reconstructed on coordin::te 
paper. Lead II and the chest leads CR, and CR, or 
V, and V, were registered, but only those leads where 
the T wave was frankly positive at the beginning of 
the experiment were used for the final analysis. 


Assay of Sympathomimetic Catecholamines in the Heart 


Calculate 
gamma per g om 
of heart mus le 


Method used 


Response of frog heart 
Colorimetry* 
Colorimetry* 


1.0-2. 
0.3-1. 
0.015-0.0)4 
Cat blood pressure 0.5-0.s 
Colorimetry* 0.3-1. 
Colorimetry* 0.9-1.s 
Colorimetry* 0.3-1. 
Colorimetry*, cat bl. pr. 1.2-2.0 
Nictitating membrane 0.3+ 
Cat blood pressure 5.0 


* Based on color units equivalent to 0.001 gamma of epinephrine (see ComMENT, Chemical nature). 
+ Up to 54% had been lost during the extraction procedure. 


Fic. 1.—Comparative pressor effects of epine- 
phrine, nor-epinephrine (identical with arterenol) 
and heart svmpathin on the blood pressure of the 
anesthetized, atropinized cat (adrenal glands tied 
off). (1, Epinephrine [5 gamma]; 2, arterenol [5 
gamma]; 3, cow heart sympathin [5 gamma equ., 
colorimetrically determined. ]) 


mon carotid artery with a mercury manometer. 
Coincidence of the electrocardiograms with the blood 
pressure curve was established through a mechanical 
connection between the switch of the electrocardio- 
graph and a time marker on the kymograph. 

The blood pressure curve, heart rate curve and 
curves representing the variations of the amplitude 


(d) Paper-chromatography was applied to several 
extracts in an attempt to identify the chemical 
nature of the active substance, obtained from the 
heart, by means of the method described by James." 
The paper strips were developed with potassium 
ferricyanide. These tests were carried out by Dr 
Wm. v. B. Robertson. 

(e) The serum potassium concentration was deter- 
mined with a flame photometer in specimens, with- 
drawn from the right femoral artery through poly- 
ethylene tubing. These assays were also carried out 
by Dr. Robertson. 


RESULTS 


Blood pressure. Usually, the pressor effect of 


freshly prepared heart extracts was equal or 
near equal to that of amounts of epinephrine 
which gave qualitatively and quantitatively 
the same colorimetric readings (fig. 1). Anal- 
ogous amounts of dl-nor-epinephrine produced 
pressor effects similar to those elicited by epi- 
nephrine (figs. | and 2). In several experiments 
the cardiovascular effects of the heart extracts 
were compared only with those elicited 
dl-nor-epinephrine (identical with dl-arteren 
(figs. 2 and 3, and table 2). 
As a rule, the elevation of the blood pressi: 

‘aused by the heart extracts was preceded 

a more or less marked transient fall of blood 
pressure, ranging from —10 to —45 mm. 1'¢, 
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esp ‘ially when larger doses were used (figs. 2, 
3 a.d 7); the peak of the blood pressure curve 
was reached somewhat later and the descent of 
the curve was slower than after injection of 
epil ephrine or nor-epinephrine (figs. 2 and 3). 
In -ome experiments, the pressor effect of the 
hea t extract appeared considerably weaker 
tha: that of an equi-chromogenic amount of 
epinephrine or of an analogous amount of nor- 
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of 10-30 (average 22) gamma equivalents, the 
accelerations ranged from 16 to 65 (average 
38) beats per minute. The degree and duration 
of this cardioacceleratory effect corresponded 
closely to that produced by equi-chromogenic 
doses of epinephrine and by analogous doses 
of nor-epinephrine (table 2). A brief initial peri- 
od of bradycardia was due to cooling of the sinus 
node by the injected fluid. 


TarLe 2.—Comparison of the Cardiovascular Effects of Sympathin-Containing Heart Extracts with Those of 
Epinephrine and dl-Arterenol in Seven Representative Experiments 


Substance injected Dosage 


Heart extract (sympathin) 
Epinephrine 30 gamma 
Heart extract (sympathin) 
I}pinephrine 


10 gamma 
10 gamma 


Heart extract (svmpathin) 
dl-Arterenol 


30 gamma 
30 gamma 


Heart extract (sympathin) 
dl-Arterenol 


30 gamma 
30 gamma 


Heart extract (sympathin) 
dl-Arterenol 


20 gamma 
20 gamma 


Heart extract (sympathin) 
dl-Arterenol 


15 gamma 
15 gamma 


Heart extract (sympathin) 
dl-Arterenol 


10 gamma 
10 gamma 


Colorimetrically determined. 


epinephrine, especially when large doses were 
injected (figs. 3 and 6), and in a few instances, 
the blood pressure elevation was entirely re- 
pleced by depression, but in a way which 
se-med to indicate a fluctuating competition 
be’ ween pressor and depressor influences (fig. 
5). The average pressor effect of an average 
dv-e of 22 gamma equivalents of cardiac ‘“sym- 
p: hin” was +43 mm. Hg. (Attempts to iden- 
tiv the interfering depressor material in the 
he urt extracts will be discussed below.) 

Teart rate. Regardless of the response of the 
biood pressure, the heart extracts produced 
invariably cardiac acceleration. With a dosage 


30 gamma equ. 


Maximal depression (mm) of T wave 


Maximal rise of: fulleadas 


Blood Heart rate 
pressure (beats per CRs 
(mm Hg). min.) 


+96 +50 
+106 +55 


+15 +18 
+82 +15 


+45 | +20 
+125 +15 


+5 +45 
+85 +25 


+50 +65 
+56 +70 


+82 +30 
+86 +82 


+45 
+65 +35 


Electrocardiogram. The changes of the elec- 
trocardiogram, elicited by the heart extracts, 
showed a striking analogy with those produced 
by corresponding amounts of epinephrine or 
nor-epinephrine® (figs. 2 and 3, and table 2). 
They consisted, as a rule, of a depression and/or 
inversion of the T wave between the 10th and 
40th to 150th seconds, sometimes followed by 
a transient elevation of the T wave. (A fre- 
quently occurring oscillation of the T wave 
within the first few seconds after injection is 
unspecific, as it was also seen after injection of 
plain Ringer solution. It seems to have been 
due to cooling of the subendocardial ventricular 
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muscle layers through the injected fluids, which 
were kept at room temperature.) 

In four out of sixteen experiments there was 
no significant depression of the T wave during 
the period of the 10th to the 150th second. In 
these instances, the T wave remained un- 


The analogy of the electrocardiographie ef- 
fects of the heart extracts with those produced 
by epinephrine and nor-epinephrine was jot 
affected by the presence in the heart extract- of 
depressor impurities which interfered in viary- 


ing degrees with their pressor action (fig. 3 . 


HEART SYMPATHIN ( Cow, 15 x equ. colorimetric, 4 ec, 2 sec.) 
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Fic. 2.—The effect of sympathin, extracted from the heart muscle, upon the direction and ampli- 
tude of the T waves above and below the electrocardiographic baseline (Leads V; and V4) and upon 
the heart rate of the atropinized cat is practically identical with that of equi-pressor amounts of nor- 
epinephrine (identical with arterenol). Time given in seconds from the beginning of the injection. 
Separate time scales for the kymogram and the plotted curves. (Cont’d on facing page) 


changed or became even temporarily elevated. 
The blood potassium, which was determined 
in three such experiments, showed an increase 
which approximately coincided with the eleva- 
tion of the T waves (fig. 4). Similar reactions 
had been observed in some experiments with 
epinephrine and nor-epinephrine, but with in- 
creasing doses the typical depression of the T 
wave could be elicited. 


Nature of interfering depressor material. ‘\ 
following findings seemed to support the 
sumption that the usual initial fall of the blood 
pressure, as well as the occasional marked we ik- 
ening of the pressor effect of the heart extra:ts 
or its replacement by outright depression, 
might be caused by the presence of histam ne 
or of a histamine-like substance in the he:rt 
extract: 
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(|) Injection of a combination of nor-epi- 
rine with histamine acid phosphate pro- 
| blood pressure curves which were very 
ar in shape to the curves produced by 
essor heart extracts, containing an equivé 

amount of colorimetrically determined car- 
sympathin (fig. 5). Two to twenty gamma 
stamine base per gamma of nor-epinephrine 


nep 
due 
sim 
dep 
lent 
dias 
ot | 
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creased the depressor and enhanced the pressor 
effect of otherwise depressor heart extracts (fig. 
6) but did not eliminate the depressor action. 
(Neohetramine is incapable of counteracting 
large doses of histamine’ [fig. 6]). 

(3) Histamine did not interfere with the 
‘ardioacceleratory and with the characteristic 
electrocardiographic effects of nor-epinephrine 


ARTERENOL (15 y- 4 cc,2sec.) 


90 120 


ric. 2 


were required, in accordance with the individ- 
ensitivity to nor-epinephrine, to imitate 
ffects of the partly or entirely depressor 
extracts. The histamine content of cattle 


ual 
the 
hea 
hea! has been estimated as ranging between 
10 .nd 30 gamma per gram of heart muscle,’ 
the ‘sympathin” content between, 1.2 and 2.0 
galiima per gram.” 

Pretreatment of the test animals with 


th antihistaminic agent Neohetramine de- 
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on the T waves, nor did the depressor material, 
contained in some heart extracts, interfere with 
the nor-epinephrine-like electrocardiographic 
effects of these extracts (figs. 2 and 3). 
Despite these observations, which suggested 
genuine histamine as the interfering depressor 
material, this assumption must be considered 
doubtful view of the fact that histamine 
acid phosphate, which had been added to the 


mashed heart muscle before processing, or 
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which had been subjected alone to the identical 
procedure, could not be recovered in the final 
extracts by means of the colorimetric method 
of Rosenthal and Tabor.'®? Whether another 
histamine-like substance which cannot be de- 


COW HEART SYMPATHIN (30y-egu., cc, 2see.) 
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Fic. 3.—The effect of sympathin, extracted from 
the heart, upon the T wave (Lead II) and heart 
rate is independent of the inhibition of its pressor 
effect, due to the presence of contaminating depressor 
substances with histamine-like action (nor-epineph- 
rine derivatives?). Comparison with nor-epinephrine. 
Time in seconds. 


tected with this method is involved, would 
have to be investigated with a different technic. 

Attempts to destroy the interfering depressor 
material by incubating either the heart muscle 
or the final extracts with histaminase-contain- 
ing tissue extracts at pH 7.5 gave inconclusive 
results, as the added extracts produced strong 
depressor effects by themselves. 


The facet .that von Euler’s heart extracts 
(after having been purified from other cop. 
taminants) appeared to be relatively free ‘rom 
depressor actions, has been attributed by }.im: 
to the difference in dosage, in that his ex erj- 
ments were carried out with much sn aller 
doses than those which we needed in ord»r to 
provoke electrocardiographic responses. 

In view of the existence of N-alkyl-homo- 
logues of epinephrine with similar cardio: ccel- 
eratory and T-wave depressing,”—-* as well as 
chromogenic, properties, but with a va-ode- 
pressor action,” -*5 the possible presence of 
such substances in the heart extracts was also 
taken into consideration. However, this appears 
most unlikely, as the combined injection of 
such substances (N-isopropyl- and N-ethyl- 
epinephrine) with nor-epinephrine produced 
blood pressure curves which differed signifi- 
cantly from those produced by partly depressor 
heart extracts, in that the depressor effect oc- 
curred always belatedly after an initial eleva- 
tion. 

Finally, the possibility of the presence of 
unidentified depressor derivatives from nor-epi- 
nephrine must be considered.” 

Modification of cardiovascular effects of hearl 
sympathin by cocaine. In four experiments, heart 
extracts (5-30 gamma equivalents) were in- 
jected before and after cocaine (30-59 mg. 
intraperitoneally). An intensification of the 
pressor effect (fig. 7) like that which is char- 
acteristic for both epinephrine and _nor-epi- 
nephrine," and a rather insignificant increase of 
vardiac acceleration were observed, as far as 
interfering arrhythmias (atrioventricular block, 
ventricular fibrillation and cardiac alternans 
which occurred only after cocaine pretreat- 
ment) permitted. In two experiments, the T- 
wave depressing effect of the heart extracts 
was markedly intensified after cocaine; in two 
other experiments, with an elevation of the T 
wave, this was slightly to markedly dimini-hed 
in two leads. 

Modification of cardiovascular effects of / art 
sympathin by nitroglycerine. In view of the ‘act 
that nitroglycerine had been found to wei <en 
not only the pressor but also the cardioaccel:ra- 
tory and T-wave depressing effects of epine ph- 
rine and nor-epinephrine,?* three experimc ts 
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were carried out in which heart extracts were in that the T-wave depressing effect of heart 
injected alone and simultaneously with ni- sympathin (5-30 gamma equivalents) was 


trogh\cerine (4-6 mg. intravenously), as well weakened or entirely abolished. 


COW HEART SYMPATHIN (20 x egu.,A-cc, 2 sec.) 
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Fic. 4.—The occasional absence of a distinct depression of the T wave and its replacement by an 
levation may be explained by a transient increase of the arterial serum potassium level, as has 


lso been seen after injection of epinephrine or nor-epinephrine (arterenol). (The potassium levels 
it different stages of the experiment are indicated by the symbol K* m. equ.) 


as equal amounts of nitroglycerine alone as 
contiol. The results were similar to those ob- 
tainel with epinephrine and nor-epinephrine,”® 


Stability of heart sympathin. In the intact 
dead heart, or in mash made from fresh heart 
muscle, the effectiveness of the cardiac sym- 
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pathin began to decline after about twenty-four 
hours in the refrigerator, and it almost disap- 
peared within forty-eight hours, while the acid 
extracts remained fully active for several days. 
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Fic. 5.—In some heart extracts, the pressor action 
of sympathin (determined colorimetrically) seems 
to be entirely overshadowed by depressor contami- 
nants. The depressor curve, elicited by these extracts, 
can be imitated by the combination of analogous 
amounts of nor-epinephrine (arterenol) with hista- 
mine. (Top curve, cow heart sympathin [10 gamma 
equ.}; middle curve, dl-arterenol [10 gamma] + 
histamine acid phosphate |600 gamma]; bottom 
curve, dl-arterenol {10 gamma].) 


Paper chromatography of heart extracts. This 
procedure gave definite evidence of the pres- 
ence of nor-epinephrine in the heart extracts. 
The R; value and the color, obtained upon 
development, were identical with those of nor- 


epinephrine. Since no quantitative evalu:tion 
of the nor-epinephrine, detected by paper chro. 
matography, has yet been undertaken, the 
question remains open as to whether the chro. 
mogenic and biologically active material i: the 
heart muscle consists entirely of nor-epineph. 
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Fic. 6.—The pressor properties of sympathin, con- 
tained in some prevailingly depressor heart extracts 
(colorimetrically determined) can be partly brought 
to light by pretreatment of the test animal with an 
antihistaminie agent (Neohetramine) which, however, 
is incapable of counteracting large doses of histamine. 
(Top curve, cow heart sympathin [30 gamma equ.]; 
Middle, cow heart sympathin [30 gamma equ.| after 
Neohetramine [12 mg./kg.]; bottom curve, histamine 
acid phosphate [1800 gamma] after Neohetramine 
{12 mg./Kg.}.) 


rine or whether some other undefined related 
substances are also present. However, no other 
‘atecholamines, including epinephrine, which 
are capable of forming adrenochromes, could 
be demonstrated in the heart extracts. 


COMMENT 


Our results confirm the statements of ot her 
investigators regarding the presence in ‘he 
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( of sympathomimetic amines (heart ‘‘sym- 
hin’), possessing chromogenic and biologic 
erties similar to those of epinephrine and 
icularly of nor-epinephrine. ‘The cardiovas- 
effects of heart sympathin, as well as its 
iical nature and pathophysiologic signifi- 
e, have been studied in further detail. 

diovascular effects. In addition to the pres- 
ind cardioacceleratory effects, the action 


Fic. 7.—The pressor action of heart sympathin 
like that of epinephrine and of nor-epinephrine) 
is markedly enhanced by pretreatment of the test 
animal with coeaine. (a, Cow heart sympathin [10 
gamma equ.|; b, the same after 40 mg. cocaine.) 


of cardiac sympathin upon the electrocardio- 
gram was found to be practically identical with 


that exerted by equi-chromogenic and equi- 
pressor amounts of epinephrine and by analo- 
gous amounts of nor-epinephrine, even in those 
instances in which the pressor effect was par- 
tially or entirely masked by contamination of 
the heart extracts with depressor impurities. 


The characteristic depression and/or inver- 
sion of the T wave, elicited by extracted and 
injecled cardiac sympathin, like those elicited 
by injected epinephrine and nor-epinephrine, 
or by stimulation of the cardiac sympathetic 
herves’® (sympathin discharge), are attribut- 
able to the specific action of these sym- 
pathomimetic amines and their derivatives" 
upo: the myocardial cell metabolism. This 


chemical action results in excessive, wasteful 
oxygen consumption by the heart muscle and 
in consecutive myocardial hypoxia, despite si- 
multaneous coronary dilatation which does not 
suffice to compensate fully for the rapid con- 
sumption of oxygen.** *% 4! 53 Recent observa- 
tions have shown a remarkable degree of in- 
dependence of the electrocardiogram from the 
coronary blood flow.*? 

According to Kisch,*’ the stimulation of oxy- 
gen consumption is not due solely to epinephrine 
itself, but rather to a quinoid oxidation product 
of epinephrine (omega adrenochrome) which 
is formed through enzymatic interference in 
the tissues. This view seems to be compatible 
with our recent observation® that doses of 
adrenochrome which exert only a slight pressor 
activity can elicit a T-wave inverting (hypoxia- 
producing) effect on the electrocardiogram. 

In a few instances, the svmpathin-containing 
heart extracts failed to depress the T wave. 
This was probably due to a simultaneous in- 
crease of serum potassium which is known to 
elevate the T wave.’ Epinephrine mobilizes 
potassium from the liver?’ and the same seems 
to be true regarding cardiac sympathin (fig. 4). 

Like the cardiovascular effects of epinephrine 
and nor-epinephrine, those of cardiac sym- 
pathin were partly accentuated by cocaine (fig. 
7) and weakened or abolished by nitroglycerine 
(blood pressure, T-wave depression). 

Chemical nature. As far as the chemical iden- 
tity of the chromogenic¢ and biologically active 
heart sympathin is concerned, it can be stated 
on the basis of Spaper-chromatographic tests, 
that nor-epinephrine constitutes at least a sub- 
stantial part of it and may possibly be identical 
with it in its entiretv. This would be com- 
patible with the pharmacodynamic and colori- 
metric tests, carried out by von Euler.’ How- 
ever, if we do assume a total identity of the 
chromogenic and sympathomimetic material, 
extracted from the heart, with nor-epinephrine, 
there remains a discrepancy to be explained, 
in that the maximally pressor extracts appeared 
both equi-chromogenic and equi-pressor with 
epinephrine, while the color effect of pure nor- 
epinephrine is weaker (about one third)?% * 
and its pressor effect stronger (about twice)*®: *! 
compared with those of epinephrine. It is pos- 
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sible that even the maximal pressor effects, 
produced by heart extracts, were the results 
of a compromise between a per se stronger nor- 
epinephrine action and the counteraction of 
interfering vasodepressor contaminants which, 
in some instances, were, in fact, powerful 
enough to dominate the picture. 

Epinephrine was not demonstrable by paper- 
chromatography in the hearts of animals which 
had been killed rapidly in the slaughterhouse. 
In case of an identity of all cardiac sympathin 
with nor-epinephrine, the colorimetric readings, 
obtained with the method of Shaw!!! !; 82, 50, 41 
would have to be multiplied by three, and, 
thus, would closely approach the figure given 
by von Euler" (see table 1). 

Origin. The original formation of cardiac 
sympathin or of its immediate precursors takes 
place, in all likelihood, within the ganglia and 
postganglionic fibers of the cardiac sympathetic 
nerves, from which it is discharged through a 
process of ‘‘neurosecretion” into the myocardial 
effector cells. Stimulation of the cardiac sym- 
pathetic nerves has been shown to be followed 
by an increase of the myocardial sympathin 
concentration,” cardiac denervation, on the 
contrary, by a partial depletion.* The fact that 
this depletion is never a complete one, seems 
to support the contention that neurosecretory 
sympathetic structures exist also inside the 
heart muscle itself, as suggested by both 
morphologic**~** and_ biologic*: *: *° findings. 
Finally, the heart muscle possesses an out- 
standing ability to absorb and accumulate 
epinephrine and related compounds from the 
circulating blood.’ Nor-epinephrine has only 
recently been recognized as forming a substan- 
tial part of the adrenal medullary secretion.5*~** 

An increase of the concentration of epineph- 
rine-like substances in the heart has been ob- 
served colorimetrically not only after injection 
of epinephrine, but also after physical exercise, 
exposure to cold, and administration of agents 
which are known to elicit the discharge of epi- 
nephrine and nor-epinephrine (acetylcholine,” 
insulin) finally also in thiamin deficiency.* 

Pathogenic significance. The presence in the 
heart of relatively large quantities of such a 
powerful and potentially injurious hypoxia-pro- 
ducing agent as nor-epinephrine, must be con- 


sidered as being of fundamental signific:ince 
for the understanding of many physiologic and 
pathologic functional states of the heart. 

Abnormally high concentrations of cater hol- 
amines, either identical with or related to nor- 
epinephrine and epinephrine, have been deion- 
strated colorimetrically in the heart: of 
individuals who had died in uremia, in con- 
gestive cardiac failure or who had succunibed 
to a sudden, otherwise unexplained cardia¢ 
death.“-*® 

The probable role of sympathominietic 
amines in the heart muscle in the patho enic 
mechanism of thyrotoxic heart disease and of 
angina pectoris has been discussed elsewhere.’ 


SUMMARY 


The heart muscle of cattle, hogs and humans 
was shown to contain relatively large amounts 
of pharmacodynamically potent sympathomi- 
metic material (*tsympathin’’) which was found 
to be at least in part chemically identical with 
nor-epinephrine (arterencl), and which may be 
possibly identical with nor-epinephrine in its 
entirety. 

When extracted from heart muscle and in- 
jected into atropinized cats in colorimetrically 
determined doses, heart sympathin elicited car- 
diovascular effects (elevation of blood pressure, 
sardiac acceleration, depression and/or inver- 
sion of the T wave) equivalent to those of 
equi-pressor and equi-chromogenic doses of epi- 
nephrine or analogous doses of nor-epinephrine. 
In some extracts, the vasopressor effect was 
largely masked by histamine-like-acting de- 
pressor contaminants which, however, were not 
identical with histamine (nor-epinephrine de- 
rivatives?), and which did not interfere with 
the specific cardiac effects of heart sympathin. 

The action of heart sympathin was modified 
by cocaine and by nitroglycerine in the same 
manner as that of epinephrine and nor-epincph- 
rine. 

The neurosecretory origin and the patho- 
physiological significance of heart sympathin 
were briefly discussed, with particular empliasis 
on the widely disregarded ability of epinepl rine 
and nor-epinephrine to elicit hypoxia of the 
heart muscle by chemically inducing an ex- 
cessive and wasteful oxygen consumptio! in 
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the :yvoeardium, irrespective of coronary blood 
flow 
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Bernheim’s Syndrome: Report of a Case 


By DonaLp H. Arias, M.D., Pa.D., HerMAN L. ErsenspereG, M.D., AND PETER GABERMAN, M.D. 


In the controversial Bernheim’s syndrome, right ventricular failure can be produced by hyper- 
trophy and dilatation of the left ventricle with encroachment of the intraventricular septum into 
the cavity of the right ventricle, forming a barrier to the flow of blood into the right ventricle. A 
case is reported in which this syndrome was diagnosed during life and confirmed at autopsy. Hearts 
of similar weight with left ventricular hypertrophy were sectioned in the same plane for compara- 


tive purposes. 


\ 1908, Bernheim! first described a symp- 
‘om complex that has since been the sub- 
ject of considerable controversy. In this 

and subsequent publications, Bernheim? pre- 
vented case reports to illustrate his belief that 
right ventricular failure can occasionally super- 
vene from eccentric left ventricular hyper- 
trophy with minimal hypertrophy and dil- 
atation of the right ventricle. He observed 
that this hypertrophy and dilatation of the 
left ventricle can in certain cases produce 
encroachment of the interventricular septum 
upon the cavity of the right ventricle in its 
apical half to form a stenosis or physical barrier 
to the flow of blood, with resultant systemic 
venous engorgement. 

It was Bernheim’s contention that the symp- 
tom complex resulting from this stenosis could 
be diagnosed during life if the patient’s symp- 
toms were carefully evaluated. He claimed that 
in his cases the symptoms and signs of right 
ventricular failure preceded and predominated 
over those of left ventricular failure until the 
terminal stages, when both were markedly evi- 
dent. This evidence of pulmonary congestion 
when cardiae failure is advanced does not pre- 
clude the existence of this entity as claimed 
by some.? 

There are numerous references to this syn- 
(rome in continental literature, but in the 
English language journals, reports are conspic- 
ously scarce. Master and Russell* reported 
i coniplex case of acute coronary artery occlu- 
sion with interventricular septal perforation 
and seclusion of the superior vena cava. Be- 

From the Department of Medicine, The Chicago 
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‘ause of the multiplicity of cardiac involve- 
ment, it is doubtful that this case can be 
classified as an example of Bernheim’s syn- 
drome. Glushein and Geer® reported a case 
in which the diagnosis was corroborated by 
postmortem examination. 

The most complete review of the subject 
in the English language is the report of Russek 
and Zohman.® They stated that while the ma- 
jority of cardiac patients with hypertrophy 
of the left ventricle manifest visceral congestion 
and edema only after dyspnea and pulmonary 
congestion have been present for some time, 
the former symptoms are the first to appear 
when stenosis of the right ventricle has super- 
vened. They presented 3 cases of Bernheim’s 
syndrome, 2 of which were diagnosed ante 
mortem and confirmed at autopsy, and one 
of which was established only post mortem. 

The existence of this syndrome has been 
questioned by many cardiologists; and most 
standard textbooks dealing with cardiovascular 
diseases either fajl to consider it or actually 
deny its existence. No reference to the condition 
could be found in the works of Levine’ and 
of Stroud,* and White® does not accept the 
existence of the syndrome. Although no specific 
mention is made of the syndrome of Bernheim, 
references to this displacement of the septum 
into the right ventricle are to be found in the 
texts of both Schwedel'® and Harrison." 

Fishberg’? appears to be convinced that the 
condition is an entity and can occasionally 
be observed. He states that he has observed 
in “many necropsies on patients with hyper- 
tension or aortic insufficiency and severe sys- 
temic venous stasis... that the septum of the 
enormously hypertrophied and dilated left ven- 
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tricle bulged so far to the right that a large 
part of the cavity of the right ventricle was 
obliterated.” 

He concludes that two mechanisms may re- 
sult in systemic venous engorgement in essen- 
tial hypertension: (1) the commenly accepted 
mechanism of left ventricular failure and in- 
creased pulmonary tension, and secondary right 
ventricular hypertrophy and dilatation; and 
(2) bulging of the septum into the right ventri- 


TABLE 1.—Comparison of Control Series of Four 
Hypertensive Hearts with the Heart from a 
Patient with Bernheim’s Syndrome 


Maximum Thick- 
ness of 
Heart 
Weight Wall of Wall of 
Right Left 
Ventricle | Ventricle 
grams mm. mm. 
Bernheim’s syndrome 700 22 
Hypertensive heart 625 24 
Hypertensive heart 950 : 30 
Hypertensive heart 680 23 
Hypertensive heart 715 ¢ 17 


Note: The weights and measurements of the ven- 
tricular walls of the control series of hypertensive 
hearts, selected at random, compared with the weight 
and measurements of the heart of our patient with 
the Bernheim syndrome, show that the weight of 
the heart, the thickness of the walls, and degree of 
hypertrophy bear no relationship to the amount of 
encroachment by the septum. (The actual measure- 
ment of the capacity of the right ventricular cavity 
or the distance from the septum to the wall of the 
right ventricle would be of great value, but was not 
practicable on autopsied hearts.) 


cle with obstruction to the flow of blood from 
the right auricle. 

Further evidence that a physical barrier can 
produce this symptom complex can be found 
in the rare case reports of tumors within the 
right side of the heart. In the case reported 
by Amsterdam and his collaborators’ the 
chronologic chain of events is strikingly similar 
to that in our case. 

It is our purpose to present a case report 
in which this syndrome was diagnosed ante 
mortem in a patient with hypertensive arterio- 


sclerotic heart disease and confirmed at autopsy 
by sectioning the heart in a transverse plane. 


As a basis for comparison, four hearts” of 
approximately the same size and weight 
sectioned in the same plane (table | and fig. 2) 

While it is self-evident that the trans\ erse 
measurement of the ventricular cavities de- 
pends to some extent upon the level of traz see- 
tion (viz., the closer to the apex, the sm iller 
the width of both cavities), the proportionate 
size of the two cavities should be the + ime 
in all transverse sections. 


CasE REPORT 


The patient, a 54 year old white womsn oj 
Italian descent, was first admitted to Mount Sinai 
Hospital on April 9, 1948, with a history of having 
had high blood pressure and an enlarged liver for the 
preceding three years. One year prior to admission 
she noticed a progressive swelling of the ankles and 
a blueness of the lips. Several months later she 
noticed slight shortness of breath on exertion. She 
complained of no orthopnea or paroxysmal nocturnal 
dyspnea and was ambulatory despite the pedal 
edema. Physical examination revealed an appre- 
hensive white woman, whose cyanosis was markedly 
out of proportion to her dyspnea. Although mildly 
dyspneic, she was able to lie flat in bed comfortably. 
This position, however, markedly intensified he 
cyanosis. Her blood pressure was 240/100, tempera- 
ture 98.6 F., respiration rate 24, and pulse rate 82 
and regular. Funduscopic examination revealed a 
moderate degree of hypertensive retinopathy. There 
was marked jugular vein engorgement bilaterally. 
Fine, moist rales were audible over the left lower 
lobe posteriorly. The heart borders were markedly 
enlarged, both to the right and left. The heart 
tones were clear, the rhythm regular, and a systolic 
murmur, soft and blowing, was audible at the apex. 
The aortic second sound was accentuate}. The 
abdomen was obese and soft. The liver edge was 
palpable 10 cm. below the right costal margin; it was 
smooth, firm, nontender, and nonpulsating. The 
spleen was easily palpable 3 cm. below the left 
costal region; it was smooth and firm. The lower 
extremities revealed a moderate pitting edemx, bi- 
laterally equal, extending to the knees. There was 
slight sacral edema. Venous pressure was 19 mm. 
of water. 

On the cardiac regimen of mercurial diuretics, 
digitalis, and a low-salt diet, the edema subsi:led, 
although the cyanosis and enlargement of the ‘iver 
and spleen remained unchanged. The patient was 
discharged on April 15, 1948, and readmitte: on 
June 2, 1948, in a state of congestive failure. 


* Specimens obtained from the Departme 
Pathology, Cook County Hospital, through the « » 
tesy of Hektoen Institute for Medical Rese 
Chicago, Ill. 
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Snce a diagnosis of Bernheim’s syndrome was 
considered, angiocardiography was attempted but 
was unsuccessful because of technical difficulties 
and the poor condition of the patient. The patient 
expi ed eighteen hours after the second admission. 

\ ray Report.* The posteroanterior roentgeno- 
vrat of the chest made on April 10, 1948, disclosed 
the .ormal subdivisions flattened and obscured by 
bronvhopneumonic infiltration, and congestion of 
the vilar areas (fig. 3). The vascular pedicle was 


The enlargement of the contour of the right side of 
the heart into the right lung field and the displace- 
ment of the esophagus backward as was seen in the 
right oblique view were probably due to right auric- 
ular enlargement. Thus the roentgen-ray demon- 
stration of left ventricular enlargement and right 
auricular dilatation without marked enlargement of 
the left auricle and right ventricle was compatible 
with the clinical diagnosis of Bernheim’s syndrome. 
However, in the absence of well-defined demarcation 


® 


Fic. 1.—Photograph of the heart of our patient showing bulging of the interventricular septum, 
most marked in apical portion of heart (left side of photograph). 


widened and the aortic knob prominent. The trans- 
verse diameter of the heart was considerably en- 
larged, the measurements being M.R. = 9.1 em., 
M.L. = 10.5 centimeters. The film exposed in the left 
obligue diameter demonstrated marked enlargement 
of the left ventricle, especially along its in-flow tract. 
Absence of left auricular enlargement to the right, 
left, or posteriorly in the posterognterior view is 
important. The barium-filled esophagus remained 
stra cht in the left oblique view and the angle of the 
hifu cation of the trachea was not visibly widened. 


nterpretation by Dr. Julian Arendt, Chief of 


the Roentgenology Department, Mount Sinai Hos- 
pit: 


points, inner structural changes and chamber bound- 
aries could not be identified with assurance. 
Essential Laboratory Data. Laboratory findings 
on the first admission were as follows: the red blood 
cell count was 4,600,000 and the white blood cell 
count 8,300 per cu. mm. of blood; the differential 
count gave normal values. The fasting blood sugar 
was 115 mg. per 100 cc. of blood and the urea 
nitrogen value 24.9 mg. per 100 cubic centimeters. 
The total protein measured 6.5 grams per 100 cc. 
of serum, albumin 4.5, and globulin 2 grams per 100 
ec. of serum. Urinalysis was negative for sugar and 
casts, and showed a 1+ albumin reaction. Five to 
6 red blood cells and 20 to 25 white blood cells per 
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high-powered field were found. The electrocardio- 
graphic pattern was that of a left ventricular strain. 

Autopsy Report.* No fluid was found in the 
pleural and abdominal cavities but the pericardial 
sac contained about 20 to 30 ce. of clear fluid. 

The right lung weighed 510 grams and the left 
450 grams. The small bronchi and bronchioli of both 
lungs were filled with mucus and thick, purulent 
exudate. In the upper and lower lobes, especially in 
the central areas, there were numerous broncho- 
pneumonic foci. The mediastinal and basal portion 
of the left lower lobe was atelectatic owing to pressure 
of the enlarged and bulging left ventricle. 


The left auricular appendage measured 4 by 15 
em. and its wall was 1.5 mm. thick. A transverse 
section through both ventricles was made 5.5 em. 
below the base (fig. 1). The sectioned surface showed 
a round, target-shaped left ventricular cavity and q 
narrow, sickle-shaped right ventricular cavity. The 
thickness of the wall of the left ventricle was e ery- 
where alike, measuring 22 millimeters. The may imal 
thickness of the septum also measured 22. »uilli- 
meters. The wall of the right ventricle was 7 im. 
thick. All of the valves were competent. The cor¢ nary 
arteries were wide and grossly patent and _ the 
intima showed occasional yellow plaques of arierio. 


Fic. 2.—Photographs of two markedly hypertrophied hearts of hypertensive patients whose 
symptoms followed the usual course. The apical section is the inferior half. 


The liver margin extended 12 em. below the 
xiphoid process. The surface was smooth and glisten- 
ing. The sectioned surface was smooth and revealed 
chronic congestion with large red acenar centers and 
light-yellow peripheries. The kidneys weighed 300 
grams together, were of usual size, and their sec- 
tioned surface showed the general structure well 
preserved. The spleen was enlarged, weighing 400 
grams. 

The heart was enlarged, weighing 700 grams. The 
apex was rounded, and was formed predominantly 
by the left ventricle. The right auricular appendage 
measured 8 by 5.5 em. and its wall was 4 mm. thick. 


* The postmortem examination was done by path- 
ologists Dr. Ernst Loeffler and Dr. Israel Davidsohn. 


sclerosis. The left auricle was considerably smaller 
than the right auricle and its wall was 2 mm. thick, 
while that of the right auricle was 4 mm. thick. 
No gross scars were seen on the cut surface of the 
myocardium. Numerous atheromatous plaques were 
visible on the descending aorta and a few could be 
seen on the ascending aorta. 

No abnormalities were seen in the adrenal gl:nds, 
gall bladder, gastrointestinal tract, and pancrea: 

On microscopic examination, sections of the heart 
revealed hypertrophy of the muscle fibers, an: in 
many places small scars replaced muscle fibers, nny 
of which were disintegrating. Numerous nly 
formed capillaries were seen in all of these s:uall 


scars. 
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Fig. 3.—Posteroanterior roentgenogram of chest showing marked hypertrophy and dilatation 


Sections of the lung revealed mucopurulent exu- 
date from many of the large bronchi and bronchioli. 
The loose connective tissue around the bronchi was 
frequently infiltrated with leukocytes, eosinophiles, 
and round cells. The alveolar walls were thick and 
congested and were filled in many places with 
accuinulations of heart failure cells. In other areas 
the alveoli were found to be filled with edema fluid. 
Also present were a few foci of bronchopneumonia. 

Sections of the liver revealed the structure gen- 
erally well preserved. The central veins and the 
sinus»ids were somewhat dilated. Sections of the 
kidny revealed only moderate congestion as did 
sections of the spleen. 

Te anatomie diagnosis was: (1) Hypertensive 
heai! disease with eccentric hypertrophy of both 
ven icles, predominantly of the left; hypertrophy 
and lilatation of the right auricle; compression of the 
rig ventricle by bulging of the septum (Bern- 
heii 's syndrome). (2) Acute mucopurulent bron- 
chit s and bronchiolitis. (3) Bronchopnéumonia. (4) 
Co: pression atelectasis of the left lower lobe. (5) 
Ch onie passive congestion of the spleen, liver, and 
gas vointestinal tract. 


DISCUSSION 


This patient presented the history, symp- 
toms, and objective findings that fulfilled the 
tenets of the syndrome of Bernheim. She was 
known to have had severe hypertension of 
several years’ duration. Her earliest and pre- 
dominant symptoms were those of right ventric- 


ular failure. There was no evidence of con- 
ditions associated with cor pulmonale. The 
diagnosis was established clinically and au- 
topsy confirmed the diagnosis. 

The most striking anatomic feature of this 
case, aside from the septal change, was the 
marked hypertrophy and dilatation of the right 
auricle and right auricular appendage. The 
right appendage measured 8 by 5.5 cm. and 
its wall was 4 mm. in thickness, whereas the 
left appendage measured 4 by 1.5 em. and its 
wall was 1.5 mm. thick. The right auricle 
was also found to be markedly hypertrophied 
and dilated; the left auricle was normal. 
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The presence of pulmonary congestion and 
some hypertrophy of the right ventricle in 
our ease, and pulmonary infarction in the other 
case reports, in our opinion, does not exclude 
the diagnosis of this syndrome as is contended 
by Evans and White.’ We believe, as does 
Fishberg,” that both pulmonary congestion, 
with resultant pulmonary hypertension, and 
compression of the right ventricular cavity by 
the septum can exist simultaneously. The factor 
which is dominant will determine the chrono- 
logical sequence of events. Moreover, pulmo- 
nary congestion and infarction are often found 
terminally in association with advanced heart 
failure, regardless of the underlying initial eti- 
ologic basis and mechanism. 

The existence of the syndrome is, of course, 
predicated on the backward failure theory of 
congestive failure and does not take under 
consideration the recent studies on sodium bal- 
ance, venous tone, and blood volume. It is 
our feeling that the physical mechanism de- 
scribed here may be only an additional factor, 
and is not incompatible with the more recent 
theories of congestive failure and edema forma- 
tion. 

The question remains to be answered why 
the symptom complex as described by Bern- 
heim and others is observed so infrequently, 
when the conditions which may produce it 
are so common. Interference with the blood 
supply of the septum, either congenital or as 
a result of acquired vascular occlusion, may 
be a factor. Marked variations in the contour 
and convexity of the septum may be seen in 
the transverse sections of post-mortem injected 
human hearts in which septal infarction is 
present." 


SUMMARY 
A case report is presented in which a diag- 
nosis of the syndrome of Bernheim was made 
during life and confirmed at autopsy by a 
section of the heart in a transverse plane. 
As a basis for comparison, four hearts of 
equivalent weights with markedly hypertro- 


phied left ventricles were sectioned in the s:::ne 
plane. 


This problem deserves further investiga‘ jon 
by the more recently refined technic of cardiac 
catheterization and angiocardiography. 
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The Syndrome of Bernheim as a Clinical Entity 


By Henry I. Russex, M.D., anp Burton L. Zouman, M.D. 


Can the right ventricle become partially obliterated by a bulging and hypertrophied interventricu- 
lar septum so as to produce the clinical picture of isolated right heart failure? If so, the syndrome of 
Bernheim must be accepted as a distinct clinico-pathologic entity. The authors have previously 
reported 3 cases of right ventricular stenosis which appeared to originate in this manner. More re- 
cently, this evidence has been challenged and theoretic objections have been raised as to the pos- 
sible existence of the syndrome. The present report attempts to answer these contrary assertions and 
records another instance in which the syndrome was diagnosed clinically and confirmed at autopsy. 


HEN systemic venous engorgement 

occurs in the hypertensive or arterio- 

sclerotic subject, it is presumed that 
the right ventricle, having been unable to with- 
stand the burden imposed by left ventricular 
insufficiency, has dilated and failed. In 1908, 
however, Bernheim first called attention to 
a striking anatomic paradox in which stenosis 
rather than dilatation of the right ventricle 
was found in patients who had died with the 
classic symptomatology of right-sided heart 
failure. In these patients, partial occlusion of 
the right ventricular cavity had resulted from 
deviation of a greatly hypertrophied interven- 
tricular septum which in some instances almost 
approximated the lateral wall of this chamber. 
The logical conclusion reached by Bernheim 
was that massive hypertrophy and dilatation 
of the left ventricle had been responsible for 
this unusual intrusion of the septum into the 
cavity of the right ventricle. 

In subsequent publications in 1910 and 1915, 
Bernheim!:? stressed the clinical aspects of 
the syndrome which has since borne his name. 
He emphasized that stenosis of the right ven- 
tricle should be considered when a_ patient 
with left ventricular hypertrophy presents the 
symptoms of right-sided heart failure in the 
absence of dyspnea and pulmonary congestion. 
The clinical picture of right-sided heart failure 
Which is neither preceded nor accompanied 
by ymptoms of left ventricular insufficiency 
sho id, therefore, suggest the diagnosis when 
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significant hypertrophy of the left ventricle 
coexists. 

Employing these criteria, numerous case re- 
ports have appeared in the French, Italian, 
Spanish, and Latin American literature. Over 
thirty publications by various authors*-*° have 
supported the original observations and con- 
clusions of Bernheim. Until recently, however, 
the syndrome attracted little attention from 
physicians in this country. Fishberg** has stated 
that the findings which he has observed in 
many necropsies have been in accord with 
Bernheim’s views. White,” on the other hand, 
has expressed doubt on theoretic grounds as 
to the occurrence of this complex as a clinical 
entity. Glushein and Geer*® in 1944 reported 
a case which they regarded as an example of 
this syndrome but the evolution of symptoms 
in their patient was quite the reverse of the 
sequence described as characterizing right ven- 
tricular stenosis. In 1945, the writers*® reviewed 
the previous literature on the subject and re- 
ported 3 of their‘own cases which conformed 
closely to the criteria set forth by Bernheim. 
In 2 of these patients, both of whom had 
suffered from hypertensive heart disease, the 
diagnosis was made during life and confirmed 
at necropsy. In the third, the condition was 
discovered unexpectedly at postmortem exam- 
ination when it was found in association with 
marked calcareous aortic and mitral stenosis. 

Recently, however, Evans and White*® after 
critical analysis of our protocols have contro- 
verted the evidence upon which the diagnosis 
of Bernheim’s syndrome was made. They con- 
tend that other conditions such as pulmonary 
embolism or mitral stenosis may have been 
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responsible for the appearance of right-sided 
heart failure in the absence of left-sided heart 
failure. Actually, however, pulmonary embo- 
lism could not have played a significant role 
in the symptomatology of our cases since it 
developed only in the terminal phase of the 
disease long after the appearance of systemic 
venous engorgement. Furthermore, to support 
the contention of these authors one would have 
to explain how mitral stenosis or pulmonary 
embolism, severe enough to cause chronic con- 
gestive failure, could be associated with 
a greatly reduced right ventricular cavity. 

These authors have pointed out quite sig- 
nificantly that in the autopsy statistics of 2 
of our subjects the liver weights were 850 
grams and 1,100 grams and that these findings 
did not appear to indicate passive congestion. 
On rechecking the pathologist’s report it was 
found that the former figure should have been 
1,850 grams instead of 850 grams. The liver 
weight of 1,110 grams in the second instance 
(Case 1) was, however, an accurate measure 
of this organ in a small subject who was less 
than 5 feet tall. Atrophy and fibrosis as a result 
of chronic passive congestion also contributed 
to the relatively small weight of the liver. 
The microscopic appearance of this organ as 
reported by the pathologist (Dr. Lawrence So- 
phian) was typical of “cardiac cirrhosis.” 

Evans and White have also stressed the 
importance of the relative weights of the lungs 
and the liver in providing a clue as to whether 
or not peripheral congestion had been present 
without pulmonary congestion. Inasmuch as 
left ventricular failure and pulmonary engorge- 
ment frequently develop in the final days or 
weeks before death in patients with Bernheim’s 
syndrome, this index would certainly not ap- 
pear to be reliable. The presence of “‘cardiac 
cirrhosis,” as in the case described above, would 
also tend to invalidate this criterion. 

These authors carefully searched a group of 
22 patients with massive left ventricular hyper- 
trophy for examples of this syndrome. From 
their negative findings in this small series they 
expressed strong doubt as to the existence of 
the Bernheim complex. By analogy, one might 
ask whether an analysis of 22 patients with 
rheumatic mitral valvulitis in whom Strepto- 





coccus viridans vegetations were not found, 
would justify the conclusion that subacute hae. 
terial endocarditis does not exist. In addition 
to the two reports which Evans and White 
have reviewed, there are over thirty published 
articles in foreign languages which suppor! the 
original observations of Bernheim. Inasniuch 
as the former authors recommend that the 
designation “Bernheim’s syndrome” be dro) ped 
“unless proof can be adduced to support 
it,’ we wish to present additional provf in 
the report of another case which we con-ider 
to fulfill even some of the rigid requirenients 
set up by these critical observers. 


Case REPORT 


M. P., a 45 year old Portuguese white man was 
admitted to the hospital on April 9, 1945, with the 
complaint of swelling of the ankles, dizziness, and 
headaches of two weeks’ duration. Past history re- 
vealed left inguinal hernioplasty in 1920 and surgery 
for peptic ulcer in 1928. 

Physical examination showed a well-developed 
white man whose complexion was of a peculiarly 
dusky hue. The lips and nail beds were moderately 
cyanotic. There was no dyspnea. The cervical veins 
were distended. Funduscopic examination revealed 
marked narrowing and tortuosity of arterioles with 
arteriovenous nicking. The discs were pale. Tempera- 
ture was 98 F., pulse rate 88, and respiration rate 
20. The radial pulses were of good volume, equal, 
and regular. The blood pressure was 206/124. The 
heart was considerably enlarged, its left border being 
percussed in the anterior axillary line. There was a 
normal sinus rhythm. A soft, blowing systolic mur- 
mur was heard at the mitral area. The second aortic 
sound was increased in intensity and was consider- 
ably louder than the second pulmonic sound. The 
lungs were resonant throughout, the breath sounds 
were vesicular in type, and there were no rales. The 
liver border was 3 fingerbreadths below the right 
costal margin in the midelavicular line. The edge of 
the spleen was palpated on deep inspiration. There 
was marked pitting edema of the ankles. Venous 
pressure was 180 mm. of water. The arm-to-tongue 
circulation time was 25 seconds (decholin). Rvoent- 
genogram of the heart (fig. 1) showed a hypertensive 
type of configuration with moderate enlargement of 
the left ventricle and clear lung fields. The sorta 
was tortuous and moderately widened. There was 
a moderate increase in the perihilar bronchovas«ular 
markings and a small density in the left costophireni¢ 
angle due to thickened pleura. The electrocardiozram 
showed a normal sinus rhythm with a ventricular 
rate of 86; P-R interval 0.17 second; QRS interval 
0.06 second; inversion of the T waves in Leads |, II, 
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\; low-voltage T waves in Lead III; and left 
leviation. Urinalysis revealed a specific gravity 
10 with marked albuminuria, occasional gran- 
asts, and oceasional red blood cells. Mosenthal 
howed a fixed specific gravity around 1.010. The 
picture revealed a normal white cell count. 
were 3,600,000 red blood cells and 70 per cent 
vlobin. The nonprotein nitrogen of the blood 
120 mg. per 100 ec.; the total serum protein 
\.2 grams, albumin 3.3 grams, and globulin 2.9 
s per 100 cubic centimeters. Blood Mazzini and 
reactions were negative. 


Fig. 1. 
congestion. 


The patient was treated with rest in bed, digital- 


m, and an oceasional injection of mereupurin. 
vas placed on a high-vitamin, low-salt diet and 


wed slow improvement. At all times during this 


talization he was able to lie flat in bed without 
ea. He continued to manifest a variable degree 
inosis, liver enlargement, and ankle edema with- 
uulmonary findings until his discharge on Octo- 
s, 1945. At that time he was ambulant and ex- 
need dyspnea only on moderate exertion. The 
liar dusky grayish hue of the skin had _per- 
| from the time of admission. A diagnosis of 
heim’s syndrome was made. 

ie patient was readmitted to the hospital on 


‘o-ember 13, 1945, at which time he was found to 


narkedly dyspneic and cyanotic. Temperature 
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was 98.6 F., pulse rate 110, and respiration rate 28. 
The blood pressure was 210/140. The cervical veins 
were markedly engorged. The cardiac findings were 
as previously noted except for a more rapid rate. 
The second pulmonic sound was equal to the second 
aortic, both being considerably increased in intensity. 
The liver border was palpated 4 fingerbreadths be- 
low the right costal margin in the midelavicular iine. 
There was marked edema of the lower extremities. 
The nonprotein nitrogen of the blood was 236 mg. 
per 100 cubic centimeters. The patient failed to 
respond to oxygen, aminophylline, and other sup- 


Roentgenogram showing considerable enlargement of the heart. Note minimal pulmonary 


portive therapy and finally expired on the third day 
of his second hospital admi:sion. An autopsy was 
performed. 

Autopsy Findings. The body was that of a nor- 
mally developed and fairly well nourished adult man. 
There was no icterus or petechiae. There was pitting 
edema of the ankles and legs. The head was of sym- 
metrical contour. The mouth showed cyanotic mu- 
cous membranes. The abdomen was distended and 
showed a healed left rectus incision. 

The peritoneal cavity contained about 100 ec. of 
straw-colored fluid. The liver edge was 4 finger- 
breadths below the costal margin. There was a 
posterior gastrojejunostomy whose stoma was fune- 
tional. The pleural cavities showed smooth surfaces. 
There was about 50 ee. of straw-colored fluid in the 
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right side of the chest and about 100 cc. in the left. 
The pericardial cavity was completely obliterated; 
stringy fibrous bands produced adherence of the 
parietal to the visceral layers. The heart weighed 
750 grams. There was marked prominence of the 
left ventricle. A cross section through both ven- 
tricles revealed concentric hypertrophy and dilata- 
tion of the left ventricular myocardium and inter- 
ventricularseptum. The latter wascrescentic in shape, 
its convex surface infringing upon the right ventricle 
and markedly reducing the volume of that chamber 
(fig. 2). The myocardium was reddish brown and 


lower lobes. The liver weighed 2110 grams (this 
being almost twice the combined weight of the 
lungs). Its surface was smooth and texture jim, 
The color was brown with scattered yellow mott ‘ing, 
The spleen weighed 170 grams. 


DiscussION 


In spite of theoretic arguments prese: ted 
by some authors, the syndrome of Bern) cim 
appears to be a definite clinicopathologic en. ity, 


. 


Fic. 2.—Transverse section of heart (midway between apex and base) showing marked left ven- 
tricular hypertrophy. The cavity of the right ventricle is greatly reduced in size by the bulging inter- 


ventricular septum. 


firm. Its measurements were as follows: left ven- 
tricle, 24 mm.; interventricular septum, 22 mm. 
anteriorly, 15 mm. at its midpoint, and 20 mm. 
posteriorly; right ventricle, 5mm. The valves had 
smooth surfaces except for a few yellow athero- 
matous plaques in the anterior mitral leaflet. The 
chordae tendineae were thin. Measurements of the 
various valve rings were: pulmonic ring, 9.2 em.; 
aortic ring, 7.8 em.; tricuspid ring, 12.2 em.; mitral 
ring, 13 em. Both atria were dilated and their endo- 
cardium was smooth. The coronary ostia were patent 
and the arteries presented a smooth intimal surface. 
The right lung weighed 640 grams and the left 540 
grams. The lung surfaces were smooth. There was 
no exudate. On section the tissue was doughy and 
contained air in all portions. On gentle pressure a 
slight amount of edema fluid extruded from both 


Although the writers have studied the hearts 
in a large number of subjects with left ventricu- 
lar hypertrophy who have been examined at 
autopsy, they have never observed the «na- 
tomic characteristics of the Bernheim complex 
in patients who presented the classic sympto- 
matology of dyspnea and pulmonary conzes- 


tion followed by systemic venous engorgement. 


Conversely, utilizing the clinical criteria ol 
Bernheim, the diagnosis of the syndrome ‘ias 
not been made by us on any occasion in 
which confirmation was lacking at post-mor! em 
examination. 

The clinical picture of “isolated right-si led 
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heart failure” in association with appreciable 
left -entricular hypertrophy suggested the diag- 
nosi: in the case presented and in 2 of 3 pre- 
viously reported cases observed by the writers. 
In «1 3 of these patients the typical anatomic 
feat wes described by Bernheim were found 
at necropsy. In a fourth case, almost complete 
obliteration of the apical portion of the right 
yeniricle was unexpectedly found at autopsy 
in « patient with mitral and aortic stenosis 
of marked degree. The paradoxie association 
of mitral stenosis with a greatly reduced right 
ventricular cavity was readily explained by 
consideration of the accompanying findings. 
Thus, coexisting left ventricular hypertrophy 
and dilatation arising from aortic stenosis had 
caused an unusual intrusion of the hypertro- 
phied interventricular septum into the cavity 
of the right ventricle. This phenomenon re- 
sulted in a virtual tricuspid stenosis which 
was manifested clinically by massive anasarca 
in association with unusually clear lung fields. 

Evans and White have stated that the rela- 
tive weights of the lungs and liver should 
give an indication of the degree of failure in 
the pulmonary and systemic circulations during 
life. In their opinion, if Bernheim’s syndrome 
did exist, the combined weight of the lungs 
at autopsy in such a case would be within 
normal limits (900 to 1280 grams) while that 
of the liver would appreciably exceed its nor- 
mal weight (1,440 to 1,680 grams) as well as 
that of the lungs. This was actually so in the 
case herein presented. Thus, the combined 
Weight of the lungs was 1,180 grams while 
the weight of the liver was 2,110 grams (almost 
twice that of the lungs). As we have already 
pointed out, however, this index may often 
be misleading because of (1) the frequent ad- 
vent of pulmonary congestion in the terminal 
days or weeks of the disease and (2) the occa- 
sionil occurrence of “cardiac cirrhosis” of the 


liver in such cases of long-standing chronic 
passive congestion. 


The evolution of right ventricular stenosis 
as found in the syndrome of Bernheim may 
be -onsidered to have two distinct periods. 
In the first or anatomic period, there are few 
or no important clinical signs. Interference with 
the filling of the right ventricle is counter- 


balanced by dilatation of the infundibular por- 
tion of the chamber and by enlargement of 
the right auricle. There may be some distention 
of the cervical veins and the venous pressure 
may be found elevated while the circulation 
time remains at the upper limit of normal. 
The second, or clinical, period is divided into 
two stages. In the first stage there is ‘‘dissoci- 
ated”’ failure of the circulation, that is, systemic 
venous engorgement without disturbance in 
pulmonary blood flow. The lung bases are clear 
and dyspnea is absent or minimal, while hepatic 
enlargement, ascites, and dependent edema 
may be marked. During this interval, the 
circulation time may still be within upper nor- 
mal limits or slightly increased while there 
is appreciable elevation in venous pressure. 
Fluoroscopic and kymographie studies may es- 
tablish enlargement of the left ventricle and 
right auricle, with normal size of the two other 
chambers, but we have not found these pro- 
cedures of much assistance in diagnosis. It 
is this stage of ‘isolated right-sided heart fail- 
ure” which is recognizable clinically as Bern- 
heim’s syndrome. In the second stage which 
represents total failure of the heart disturbance 
of the lesser circulation is added to the earlier 
symptoms of venous obstruction. At this time, 
therefore, when dyspnea and orthopnea be- 
come evident, the resulting clinical picture can 
no longer be distinguished from that in the 
usual type of combined left and right ventricu- 
lar failure. 

Our autopsy material clearly demonstrates 
the striking dispreportion between the left and 
right ventricles in these cases. The findings 
seem particularly significant when it is realized 
that the degree of right ventricular stenosis 
during life is probably even greater than that 
actually found at necropsy. This is explained 
by the fact that dilatation of the pulmonary 
conus and base of the right ventricle develops 
as a terminal event when left ventricular fail- 
ure finally supervenes. 


SUMMARY AND CONCLUSIONS 


1. In spite of arguments to the contrary, 
there is already sufficient proof in the literature 
to justify acceptance of Bernheim’s syndrome 
as a clinical entity. 
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2. The diagnosis is suggested when a patient 
with left ventricular hypertrophy shows signs 
of right-sided heart failure as the first indication 
of circulatory embarrassment, i.e., systemic 
venous engorgement without pulmonary con- 
gestion. 

3. This picture of “isolated right-sided heart 
failure” is the result of stenosis of the cavity of 
the right ventricle through displacement. of 
the interventricular septum due to marked en- 
largement of the left ventricle. The degree 
of right ventricular occlusion is probably even 
greater than that demonstrable at autopsy. 

4. Clinically, dyspnea and other signs of 
pulmonary congestion are conspicuously absent 
or minimal until the terminal stage of the 
disease when failure of the left ventricle finally 
supervenes. 

5. A case showing the typical clinical and 
anatomic features of right ventricular stenosis 
which was diagnosed during life and confirmed 
at necropsy is presented. Reference is also made 
to 3 cases previously reported by the authors 
in which the Bernheim complex was observed. 

6. The theoretic objections advanced by 
others against the possible existence of this 
clinicopathologic syndrome appear to be un- 
founded. 
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Rupture of a Papillary Muscle of the Heart: 
Report of Two Cases 


By Joux CHANDLER Situ, M.D. 


The paper presents clinical and pathological data on 33 cases of ruptured papillary muscle of 
the heart as revealed by review of the literature. All of the known causes of this event are listed 
and the characteristic clinical features are emphasized by including two additional typical case 


reports. 


CCORDING to Stevenson and Turner,! 
the first case of rupture of a papillary 
muscle of the heart was reported by 

Merat in 1803. Since then only 33 cases have 
been reported and all but 2 of these reports 
have been recently summarized in a review of 
the literature by Davison.? Davison found 
3 instances of papillary muscle rupture in 
14,000 autopsy subjects examined at the 
Mount Sinai Hospital in New York City. 
Stevenson and Turner! found 2 such cases in 
6,000 autopsy subjects examined at the Johns 
Hopkins Hospital in Baltimore. Review of 
10,500 autopsies recorded at the Institute of 
Pathology, University Hospitals of Cleveland, 
revealed one case of papillary muscle rupture. 
This is one of the cases reported in this article. 
The second case is taken from the autopsy 
records of the Department of Pathology of 
Cleveland City Hospital. 


Case REpoRTS 


Case. 1—The patient was an Italian laborer, 56 
years old, who was well until November, 1937. At 
this time he experienced nonradiating severe sub- 
sternal chest pain of sudden onset and pronounced 
shortness of breath. There were moderate cyanosis 
and rales throughout both lungs. The patient re- 
mained in bed for one week following the onset of 
symptoms. Thereafter, he complained of no symp- 
toms and was able to do light work. On February 21, 
1938, he suddenly experienced extreme shortness of 
breath accompanied by a sense of marked appre- 
hension. He was put to bed and his condition did not 
change until the next morning when he complained 
of pain in the left arm. By 7:00 p.m. he had become 
comatose. He was admitted to University Hospitals 
of Cleveland at noon on February 23, 1938. 


From the Institute of Pathology, Western Reserve 
University Hospitals, Cleveland, Ohio. 
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Physical examination revealed a well-develo; ed, 
comatose white man who was markedly eyanctie, 
perspiring profusely, and breathing rapidly. [he 
temperature was 40 C., the pulse rate 158, and the 
respiration rate 44. The blood pressure was 110 92. 
Auscultation of the chest revealed stertorous breath 
sounds, and fine rales were present over the posterior 
bases of the lungs. Percussion revealed the left border 
of cardiac dullness to extend 12 em. from the mid- 
sternal line in the sixth intercostal space. The heart 
beat was rapid and regular. A harsh systolic murmur 
was present over the apex of the heart and was some- 
what obscured by the breath sounds. The abdomen 
was soft and no masses were palpated. The remain- 
der of the physical examination revealed no ab- 
normalities. 

Hematologic examination revealed 19.6 grams of 
hemoglobin. There were 6,700,000 erythrocytes and 
18,000 leukocytes per cu. mm. of blood. Differential 
count of 100 cells revealed 70 segmented granulo- 
cytes, 18 band cells, 10 lymphocytes, and 2 mono- 
cytes. The urine was brown, clear, and contained 
a trace of albumin. The blood Wassermann reaction 
was negative. An electrocardiogram made on the 
day of admission was thought to give evidence of a 
recent and old infarct of the posterior wall of the 
left ventricle. 

The patient was promptly placed in an oxygen 
tent but remained unconscious. By 3:00 p.m. on the 
day of admission the pulse and blood pressure were 
unobtainable. Gasping, labored respirations de- 
veloped and the patient died at 2:00 a.m. on Feb- 
ruary 24, 1938. 

Autopsy Report (6118): The heart weighed 500 
grams. The epicardium was smooth and transparent 
except over the posterior surface of the left ven- 
tricle at the apex where a region measuring approxl- 
mately 5 by 3 em. was discolored gray and sliglitly 
roughened by fibrous tags. The underlying miyo- 
cardium was grayish white and thin, measuring, in 
one region, 8 mm. in thickness. A narrow zone of 
muscle at the periphery of this region was soft and 
discolored dark purplish-red. Elsewhere the 1iyo- 
‘ardium was moderately firm and light brownisl red 
throughout. The left posterior papillary muscle « ose 


from the center of the thin portion of the vent icle 





JOHN CHANDLER SMITH 767 


a) d was completely separated in its midportion by 
a) irregular laceration. The surface of the segment 
ai sing from the ventricular wall was covered by a 
iyish-brown mural thrombus. The free portion 
s attached to the posterior mitral leaflet by 
isted chordae tendineae which drew the muscle 
ment close to the free margin of the valve (fig. 1). 
Branches of the right coronary artery extended 
down the interventricular groove and over the pos- 
teior wall of the left ventricle. Transverse sections 


arteriolar nephrosclerosis. The gross diagnoses were 
confirmed by microscopic examination. 

Comment: The stertorous character of the res- 
pirations was thought to obscure partially the harsh 
apical systolic murmur characteristic of ruptured 
papillary muscle. 


Case 2.—The patient, a white laborer, 58 years 
old, was well until February 6, 1948, when he first 
experienced pain in the left side of his chest. The 


Fic. 1.—The ruptured posterior papillary muscle and underlying myocardial infaret of Patient 1. 


of the right coronary artery at the acute margin of 
th heart revealed a large lumen occluded, except 
fo, minute central openings, fora distance of 1.5 em., 
by firm gray tissue. Distal to this region the lumen 
w»+ occluded for a distance of 1 em. by a recent 
th ombus that was red mottled with brown. Trans- 
ve se section of the left coronary artery revealed a 
p: tent lumen moderately narrowed by focal yellow- 
is’ gray intimal plaques. 

The other pertinent gross diagnoses included 
hi nchopneumonia, recent infarets.of the right and 
le'| kidneys, old infarct of the spleen, and moderate 


pain was of abrupt onset and radiated to the left 
shoulder, arm, and hand. It was intermittent and 
of about thirty minutes’ duration with recurrence 
every three to four hours for the following three days. 
At 11:00 p.m. on February 9, 1948, the patient 
suddenly experienced a constant and severe sub- 
sternal squeezing sensation associated with aching 
and numbness of the left arm and hand. He per- 
spired freely, vomited several times, and became 
cold and apprehensive. He was admitted to Cleve- 
land City Hospital at 2:00 a.m. on February 10, 
1948, in a state of collapse. 





Fic. 2.—The heart of Patient 2 opened for injection study of the coronary arteriesshows rupture of 
the posterior papillary muscle of the left ventricle. 


eh: a) 


Fic. 3.—Roentgenogram of the heart of Patient 2 after injection of the coronary arteries with 
radio-opaque latex. An extensive thrombus occludes the lumen of the right coronary artery. (Ap- 
preciation is extended to Dr. Arthur Young for preparation of figure 3 and permission for its publi- 
vation in this report.) 
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Tie pulse rate was 120, respiration rate 28, tem- 
pers ure 37.2 C., and blood pressure 80/50. Physi- 
cal cxamination revealed an acutely ill white man 
whe was apprehensive, pale, and slightly cyanotic. 
Exsiaination of the heart revealed no enlargement. 
Alt] ough the cardiac sounds were barely audible, 
the /ythm was regular and a soft systolic murmur 
was heard over the apex of the heart. The lungs 
wer clear to auscultation and percussion. The abdo- 
me was soft and nontender. The remainder of the 
phy-ical examination revealed no abnormality. 

Ilematologie examination revealed 12 grams of 
hemoglobin. There were 5,200,000 erythrocytes and 
21,000 leukocytes per cu. mm. of blood. Differential 
count of 100 cells disclosed 84 segmented granulo- 
cytes, 14 lymphocytes, and 2 monocytes. Urinalysis 
was not remarkable. 

Soon after admission the blood pressure dropped 
to 60/30 and then became unobtainable. The pa- 
tient continued to vomit and died approximately 
one hour after entering the hospital. 

Autopsy Record (17386): The heart weighed 420 
grams. Palpation revealed a region of softening over 
the posterior wall of the left ventricle extending from 
the apex at its junction with the interventricular 
septum to within 4 em. of the base. Section dis- 
closed a light brownish-red, moderately firm myo- 
cardium except in the region of softening where the 
cut surface was dark brownish-red and dull. The 
posterior papillary muscle of the left ventricle arose 
from the center of the region of softening and was 
completely separated in its midportion by a ragged 
oblique laceration (fig. 2). The free segment was held 
to the mural endocardium by a short tendinous cord. 
A branch of the right coronary artery formed the 
posterior descending vessel. Transverse sections of 
the right coronary artery disclosed a large lumen 
completely occluded 4 em. from its orifice by a firm, 
mottled, dark-red and gray thrombus that extended 
for 6 em. along the course of the vessel (fig. 3). 
Transverse sections of the anterior descending and 
circumflex branches of the left coronary artery re- 
vealed the lumens of the first portion of each to be 
markedly stenotic because of yellowish-gray intra- 
mural deposits that eut with calcific hardness. 

Il.stologie examination revealed a recent throm- 
bus of the right coronary artery, marked arterio- 
sclerosis with stenosis of the left coronary artery, 
reccut infarets of the posterior wall of the left ven- 
tric'c, foeal fibrosis of the anterior wall of the left 
ven'ricle, and marked passive hyperemia of the 
lunes, 

( omment: The clinical manifestations of papillary 
mu-le rupture were characteristic in that there was 
an «brupt increase in the severity of the angina and 
suc:len onset of profound shock three days after 
the onset of the illness. 


DIscUSSION 


if 


{ the 33 reported cases of rupture of a 
papillary muscle, 18 were the result of throm- 


bosis of a coronary artery with infarction of 
the myocardium.? The posterior papillary 
muscle of the left ventricle was ruptured in 
13 of the subjects, in 11 of whom there was 
a thrombus of the right coronary artery or 
circumflex branch of the left coronary artery. 
In 2 patients with rupture of the left posterior 
papillary muscle the thrombus was in the 
anterior descending branch of the left coronary 
artery. Rupture of the anterior papillary 
muscle of the left ventricle resulted from 
coronary artery thrombosis in 5 patients, in 3 
of whom the thrombus occluded the circumflex 
or anterior descending branch of the left 
coronary artery. In 2 patients with rupture of 
the left anterior papillary muscle the thrombus 
was in the right coronary artery. 

In two cases, reported in the years 1824 and 
1865,' there was rupture of a papillary muscle 
of the right ventricle. The first occurred in a 
white woman, 22 years old, with advanced 
pulmonary tuberculosis. Autopsy examination 
disclosed vegetations on the tricuspid valve 
leaflets, attached chordae tendineae, and 
ruptured papillary muscle. The second oc- 
curred in a white woman, 23 years old, who 
died seven weeks post partum with puerperal 
sepsis, peritonitis, and pneumonia. Autopsy 
disclosed vegetations on the leaflets of the 
tricuspid valve, attached chordae tendineae, 
and ruptured papillary muscle of the right 
ventricle. 

There have been 2 cases reported, neither of 
which is included in the review by Davison, in 
which the papiNary muscle rupture was caused 
by trauma. The patient reported by Glendy. 
and White,’ a white seaman, 24 years old, died 
twenty-six hours after being run over by a 
truck. Autopsy examination revealed a pur- 
plish-red contusion on the anterior surface 
ot the lett ventricle. There was no penetrating 
wound of the external surface of the heart. A 
hemorrhagic laceration separated the base of 
the left anterior papillary muscle from its 
ventricular attachment. The coronary arteries 


revealed no thromboses or extensive ruptures. 
There were also a fracture of the left eleventh 
rib, bilateral bronchopneumonia, and_ ex- 
tensive hemorrhagic contusions of the thorax 
and abdomen. The patient of Payne and 
Hardy,’ a white man 51 years old, was found 
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unconscious beside a moving conveyor belt 
which he had attempted to repair with a 
heavy stick. Death occurred approximately one 
hour later and autopsy examination revealed a 
fracture of the sternum and left third and 
fourth ribs and a contusion of the anterior 
wall of the left ventricle. The base of the left 
posterior papillary muscle was partially sepa- 
rated from the ventricular wall. The coronary 
arteries were intact and patent throughout. 

One case, reported by Spaulding and Von 
Glahn,® was thought to be due to syphilis. 
The patient was a Negro, 31 years old, who 
died suddenly during a recurrent episode of 
congestive heart failure. The blood Wasser- 
mann reaction was four plus. Autopsy revealed 
the posterior papillary muscle of the left 
ventricle to be ruptured and microscopic 
examination of the stump is reported to have 
revealed a central focus of coagulative necrosis 
surrounded by a thin subendocardial zone of 
fibrosis in which a Levaditi preparation re- 
vealed spirochetes. The coronary arteries were 
patent and the myocardium of the ventricles 
was of normal consistency and color. In addi- 
tion, there was syphilitic aortic valvulitis with 
aortic insufficiency. 

One case referred to by Davison, report of 
which has not yet been published,” was thought 
to be due to polyarteritis nodosa. The patient 
was a white man, 57 years old, who died twenty- 
four hours after suddenly developing pul- 
monary edema. Examination disclosed a harsh 
systolic murmur. Autopsy examination re- 
vealed polyarteritis nodosa involving the 
heart, liver, and urinary bladder. There were 
multiple small hemorrhagic infarcts of the 
myocardium including that of the anterior 
papillary muscle of the left ventricle which was 
ruptured. The coronary arteries revealed slight 
arteriosclerosis but were patent throughout. 

Of the 31 cases reported in which trauma 
was not the etiologic factor, a significant 
change in the patient’s clinical condition 
indicating the probable time of papillary mus- 
cle rupture was described in 17.2 In 10 of 
these patients, death occurred in less than 
nine hours after this clinical change and none 
lived more than thirty-six hours thereafter. 
Death occurred in less than fourteen days in 


all but 2 of the remaining patients in whom the 
time of papillary muscle rupture was jot 
ascertained. One patient lived twenty-one 
days after the onset of symptoms and he 
patient of Merat, according to Stevenson ::nd 
Turner,! lived twenty months after what \vas 
clinically thought to be the time of the papil- 
lary muscle rupture. 

The clinical signs and symptoms preceding 
rupture of a papillary muscle are usually those 
of recent myocardial infarction. The rapidity 
with which death follows this event oiten 
precludes the clinical diagnosis. Howe-er, 
sudden increase in the severity of the angina, 
the appearance of a harsh apical systolic 
murmur, and profound shock suggest the 
diagnosis. Murmurs present before the rupture 
of the papillary muscle usually change in 
character and increase in intensity.2 The 
antemortem diagnosis of papillary muscle 
rupture was considered in only one of the 
reported cases.” 

The differential diagnosis includes rupture of 
the following structures: an aortic cusp, the 
interventricular septum, the ventricle, and 
the mitral chordae tendineae. Rupture of an 
aortic cusp is manifested by a high pulse 
pressure and the abrupt onset of a loud diastolic 
murmur over the aortic area.® Rupture of the 
interventricular septum is distinguished by a 
left atrium of normal size and a thrill and 
systolic murmur, most pronounced over the 
third or fourth intercostal space, that is 
transmitted chiefly to the right. A large 
ventricular rupture causes sudden death. A 
small ventricular rupture may cause hemo- 
pericardium and cardiac tamponade mani- 
fested by a low pulse pressure and a small 
silent heart.? Rupture of the mitral chordae 
tendineae is usually antedated by bacterial 
endocarditis and rarely causes death within a 
short time. It is characterized by a harsh 
systolic and diastolic murmur and thrill! of 
abrupt onset that is loudest over the apex of 
the heart. 


SUMMARY 


The thirty-fourth and thirty-fifth case re- 
ports of rupture of a papillary muscle of ‘he 
heart are presented. The reported causes of 
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th: event are coronary thrombosis with 
m: ocardial infarction, trauma to the chest, 
an syphilis. One case, not yet reported, is 


su posed to have been due to polyarteritis 


no iosa. The diagnosis is suggested in a patient, 
ex ibiting evidence of a recent myocardial 
in' ret, who suddenly develops a pronounced 
in rease in the severity of the chest pain 
as-ociated with profound shock and who on 
eximination reveals a harsh apical systolic 
murmur which was previously absent. Death 
usally occurs within twenty-four hours fol- 
lowing rupture of a papillary muscle of the 
heart. 
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Sarcoidosis of the Heart 
A Cause of Sudden and Unexpected Death 


By Wiuu1am E. Kuika, M.D. 


Szrcoidosis (Benier-Boeck’s disease) is not limited to skin or eye as once thought. Now it is known 
to be a chronic granuloma of the reticulo-endothelial system, dispersing tubercle-like nodes over 
all organs. Assumption of benignity had to be abandoned. Supporting proof that it can be the 
cause of death is this report of an autopsy of a young woman following sudden death due to exten- 
sive sarcoidosis of the heart, with miliary nodes scattered in most of the organs. No signs of tuber- 


culosis could be found. 


ARCOIDOSIS, or Besnier-Boeck-Schau- 

mann’s disease, has attracted the interests 

of the research worker as well as the 
clinician in an ever increasing degree during 
the last decade. From its status as a medical 
curiosity it has emerged as a more widely 
recognized and fairly well-defined entity. Its 
occurrence seems universal.” 

What was first described as an interesting, 
although rare, disease of the skin by Besnier, 
in 1889, and independently by Boeck,’ also 
in 1899, was later found in the eye and salivary 
glands and is now considered a systemic disease 
presenting the features of a chronic infectious 
granuloma. Like its counterpart, tuberculosis, 
it can invade every organ of the body as well 
as bone marrow, dura and the eye. The skin 
manifestations, although frequent, probably are 
not present in more than 20 per cent of all 
cases.* 

The experiences of the last twenty years 
have stressed the fact that sarcoidosis is a 
general spreading disease with a predilection 
for the  lympho-reticulo-endothelial and 
hematopoietic systems.’ The assumption of the 
absolute benignity had to be abandoned when 


there were occasional reports of autopsies per-_ 


formed on patients who had died as a direct 
consequence of the disease. Even though one 
would wish to exclude caseating tuberculosis 
as a natural development of sarcoidosis" and 
limit the number of direct casualties to those 
who succumbed to direct effects of specific 
conditions, the refutation of the benignity 


From the Cuyahoga County Coroner’s Office, 
Cleveland, Ohio. 


stands. This observation was made by M. Pin- 
ner,?:»» * in 1939, in a collective report of 
thirty-nine autopsies. Rubin and Pinner," in 
1944, described twenty-five autopsies with the 
same deduction. Reiser,7°? Rosenthal,! and 
Freimann? also arrived at the same conclusion. 
The latter author, up to 1948, had collected 
altogether seventy autopsied cases. He included 
nineteen from their own institution in Boston; 
the remainder were compiled from the litera- 
ture. He stated that many of them were in- 
completely described or complicated by other 
diseases, chiefly tuberculosis and syphilis. In 
several the diagnosis was open to doubt. 
Recognition of the damage caused by sarcoi- 
dosis in one specific focus, or its dissemination, 
was instigated by Longscope*: ° with his dis- 
cussion of involvement of the heart. He added 
three autopsies of his own, one of which was 
complicated by syphilis. Apparently Cotter! 
was the first to present the extensive changes 
in the myocardium caused by these nodes found 
at autopsy which resembled tubercles but dif- 
fered from tuberculosis. He reported the case 
of an 18 year old Negro who was observed 
clinically prior to his death. There was con- 
siderable anergy against tuberculin during life. 
The histologic findings post mortem of tubercle- 
like nonecaseating nodes in the skin, spleen, 
lymph nodes and alimentary tract, as well as 


the extensive specific infiltration of the carliac 


wall corroborated the diagnosis of sarcoidosis. 
The only complicating factor was a strongly 
positive Wassermann reaction. Another death 
due to widespread involvement of the heart 
by tubercle-like noncaseating nodes was re- 
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d by Johnson and Jason‘ in 1946 (see 
idum). 

e paucity of reported autopsies on such 
: influenced the writer to publish the fol- 
g case in which extensive damage to the 
‘ardium due to sarcoidosis was found. 


Case REporT 


H story: A 26 year old Negro woman collapsed 
and xpired suddenly on the street. Her sudden and 
unexplained death became a subject for the Cor- 
oner's investigation. A scant history was pieced 
together from information obtained from her hus- 
band and a physician who had seen her several times 
in the three months prior to death because of a com- 
plaint of chronic inflammatory condition within the 
pelvis. At the beginning of the treatment period 
this physician had noticed several nodes which re- 
sembled sareoids on her arms, legs and cheek. These 
disappeared without medication. No biopsy was 
taken. There was no history of fever or chills. 
There was a history of some intermittent attacks 
of slight cardiae palpitation during the last few 
months prior to her death. She was never hospi- 
talized. No electrocardiogram was taken. Urine 
examination and serology were negative. There were 
no microscopic or chemical examinations of the 
blood. Late x-ray films of the chest showed some 
blurred increase in the mediastinal lymph nodes. 
The deceased was not engaged in factory work or 
otherwise gainfully employed. 

Abstract of Autopsy Findings: The body is that 
of 2 colored female 66 inches tall and weighing 132 
pounds. The skull and brain show no abnormal- 
ities 

Lymph Nodes: The cervical and axillary lymph 
nodes are not enlarged. There are clusters of en- 
larged grayish red and moderately soft lymph nodes 
along both sides of the trachea, at its bifureation 
and along the main bronchi. Some of them are 
matted together. On cross section, these lymph 
nodes are grayish red. Where matted together the 
outlines of the individual lymph nodes are distinctly 
visille. The mesenteric lymph nodes show no gross 
abnormalities. There is, however, a number of retro- 
perit neal lymph nodes along the abdominal aorta 
trom the hiatus of the diaphragm to the bifurcation 
of t!e aorta, which are moderately enlarged and 
yell.vish or grayish pink on cross section. 

‘) een: The spleen weighs 250 grams and is dark 
red ind congested. On cross section the follicles 
app ir irregularly enlarged. 

I’ vicardial Sac and Heart: There is about 30 ec. 
of c car fluid in the pericardial sac. The heart is 
mo rately enlarged, weighing 300 grams. The right 
ven’ icle is markedly dilated and its walls thinned. 
Th e are large areas of white discoloration at the 
ant rior and posterior wall of the left ventricle. On 


cross section, more than half of the lower portion 
of the left ventricle, including septum and apex as 
well as both papillary muscles, appears yellowish 
white and glistening (fig. 1). The rest of the cardiac 
musculature is light grayish red. All the valves are 
free and tender. The epicardium outside of the dull 
whitish area is smooth. The coronary arteries are 
patent and elastic but the left lateral limbs of the 
anterior descending branch of the left coronary 
artery leading into the whitish area described above 
seem to be somewhat compressed and narrowed. 
Aorta and pulmonary artery show no marked abnor- 
mality. 

The gastrointestinal tract, liver, pancreas and 
kidneys are of normal appearance. There are bilat- 
eral parametrial adhesions and a moderate degree 


Fic. 1. Opened left cardiac ventricle. Note 
whitish discoloration of papillary muscles and 
of lower part of,cardiae wall 


of hydrosalpinx. The menstruating uterus is of 
medium size. 

There are no gross abnormalities of the endocrine 
glands including the persistent thymus. 

Histologic Findings: 

Mediastinal, paratracheal and some of the retro- 
peritoneal lymph nodes in the bifurcation of the 
d'aphragm: Many of the lymphoid follicles are re- 
placed by nodes consisting of a fibrous capsule rich 
in collagen which surrounds groups of epitheloid 
(reticulo-endothelial) cells and one or several multi- 
nucleated giant cells. The darkly staining nuclei in 
these giant cells, twenty or more, are arranged in 
clusters or in the periphery of the slightly acidophilic 
cytoplasm. Some of these nodes are surrounded by 
lymphoid cells, but there is a striking absence of 
eosinophile or polynuclear neutrophile leukocytes. 
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“1G. 3.—Sarcoidosis in left cardiac wall infiltrating the cardiac musculature 
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Som: inereased fibrosis with a scarlike density may 
appc «tin some of the larger lymph nodes. However, 
now! ere is the fibrous capsule penetrated. 

Ss; een: Among the normal looking lymphoid 
follic es are many tubercle-like nodes of the charac- 
ter -eseribed above (fig. 2). 

Heart: Sections taken from the whitish areas of 
the oft ventricle show that most of the cardiac 
musculature is replaced by a network of fibroblasts, 
whic': enclose multiple tubercle-like nodes with many 
poly:vuclear giant cells. A number of nodes are fused 
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Fic. 4.—Typical polynuclear giant cell in reticular stroma (left* cardiac ventricle) 
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together. In some places where the fibrosis of stroma 
is incveased, the number of typical nodes is decreased. 
In tie periphery of the granuloma, where bundles 
of 1usele fibers remain, clusters and columns of 
mon nuclear white cells can be seen infiltrating the 
inte:-titial tissue. The corresponding epicardium 
pressits multiple perivascularly arranged tubercle- 
like .odes in the subepicardial layers (figs. 3 and 
4). |ight Ventricle: Only a few scattered nodes are 
seer’ in the epicardium and between the cardiac 
mus: le fibers. 

I..ngs: A number of small tubercle-like nodes are 
pre-vnt in the perivascular connective tissue but 
the» is no fibrosis or necrosis. 

\ few characteristic nodes are seen in the gastric 
mu osa, liver, kidneys, thyroid, adrenals and pitu- 
ita v gland, 


There are no specific changes in blood or bone 
marrow. 

Silver stains of tubercles in lymph nodes and in 
the affected area of the heart revealed a delicate 
network of fibrils. 

Specific stains failed to reveal the presence of 
any characteristic organisms. 

Diagnosis: The cause of death was acute cardiac 
failure in a case of generalized sarcoidosis with 
extensive specific infiltration of the wall of the left 
ventricle of the heart. 


DIscusSsION 

A classic picture of sarcoidosis is delineated 
by (1) the simultaneous spread of tubercle- 
like nodes of granulomatous tissue formed by 
epitheloid and reticulo-endothelial cells enclos- 
ing the typical multinucleated giant cells, (2) 
the absence of eosinophiles, in contradistinetion 
to Hodgkin’s disease, (3) the absence of polynu- 
clear neutrophiles, i.e., lack of evidence of 
acute inflammation, (4) the absence of caseat- 
ing necrosis and (5) the minimal amount of 
fibrosis. 

Remarkable in this case is the simultaneous 
dissemination through the organs and the 
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lympho-endothelial system with a semblance 
of the spread of miliary tuberculosis. However, 
there is no reckless destruction of the organ 
parenchyma. Where reticulo-endothelial tissue 
was involved, in some instances, an increased 
degree of fibrosis resulted. 

Attention is called to the fact that in many 
sites the presence of the nodes was discovered 
only by means of microscopic examination. 
Many such nodes may heal and disappear with 
no remaining evidence or sometimes leaving 
only a non-specific scar. In this particular case 
an exception is seen in the extensive destruction 
in the heart muscle described above. Often this 
was a result not only of the confluence of the 
tubercle-like nodes but also of a fibrosis or a 
widespread infiltration by reticulo-endothelial 
and lymphoid-like cells causing atrophy of the 
cardiac musculature. It seems worthy of men- 
tion that where normal heart muscle and sar- 
coid tissue meet in the left ventricle one can 
see the invasion of the former by finger-like 
processes. 

Progressive decrease in the efficiency of the 
left ventricle was followed by acute dilatation 
and subsequent failure of the right ventricle 
due to the overload. The marked involvement 
of the epicardium and the specific perivascular 
localization of the granulomatous process has- 
tened the failure. There was no increased resist- 
ance to the pulmonary circulation due to mas- 
sive infiltration or interstitial fibrosis of the 
lungs, which has been mentioned as one cause 
of death in sarcoidosis of the heart.?:* The 
destruction in this case was so widespread 
as to cause the myocardial failure in contradis- 
tinction to the assumption of a specific inter- 
ference with the cardiac conductive system 
described by Longscope.*: °: * 

This case is distinguished by the fact that it 
was not influenced by additive effect of such 
complications as manifest tuberculosis or syphi- 
lis. This absence of tuberculosis seems remark- 
able, since the study of the literature leads 
one to parody Ewing’s expression for the as- 
sociation of Hodgkin’s disease and tuberculosis, 
i.e., we might say: ‘Tuberculosis follows sar- 
coidosis like a shadow.” 

It would exceed the scope of this paper to 
discuss the etiology of this protean malady. 
Let us simply agree with Freimann’s conclu- 


sion?: ‘The etiologic issue is still far from solu- 
tion and has made little progress in the last 
twenty years.” 


SUMMARY 


An autopsy performed on a 26 year old 
Negro woman who died suddenly and unex )ec- 
tedly is reported. 

The gross anatomic impression was of a w ide- 
spread fibrosis of the left cardiac venti cle. 
The microscopic examination revealed tht a 
granuloma-like tissue, characteristic of saycoi- 
dosis, had replaced the greater part of the 
musculature of the left ventricle and its p:pil- 
lary muscles. The process also affected the 
overlying epicardium. The right ventricle, less 
affected, was acutely dilated. 

Sarcoid nodes were found disseminated in 
the lungs, mediastinal and_ retroperitoneal 
lymph nodes, spleen, gastric mucosa, liver, kid- 
ney, thyroid and pituitary glands. 

The case was free of evidence of tuberculosis 
or syphilis. 

ADDENDUM 


An additional case of sarcoidosis of the myo- 
cardium was reported recently in a clinicopatho- 
logic review of 300 cases of sarcoidosis compiled 
by Ricker and Clark.® 
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\ Case of Marked Dilatation of the Pul- 
monary Arterial Tree Associated with 
Mitral Stenosis 


By 8S. SeGauy, M.D., I. I. Rrrrer, M.D., anp W. Hwana, M.D. 


\ ease which was studied with the technic of catheterization is discussed as a problem in the diag- 


nosis of this syndrome. 


CASE of marked dilatation of the en- 

tire pulmonary arterial tree with cal- 

cification is being reported because of 
the rarity of the condition, and the unusual 
roentgenologic and clinical findings. The pa- 
tient has been followed at the Michael Reese 
Hospital for a number of years. Intracardiac 
catheterization was recently performed in an 
attempt to arrive at a more accurate diagnosis, 
and to determine, if possible, what primary 
etiologic factors were involved. 


Case REPORT 


Mrs. A. C., a 42 year old housewife, was admitted 
to the Michael Reese Hospital on November 27, 
1948, with minor lacerations and bruising following 
an automobile accident. Her father had died of 
pneumonia, and her mother of a heart attack at the 
age of 42 years. As a child her development was 
normal, and she enjoyed fairly good health. At the 
age of 14 years her tonsils were removed. Signs of 
heart disease present at that time led to a diagnosis 
of mitral stenosis. At the age of 16 shedeveloped acute 
rheumatic fever and spent eight months in bed. It 
was during this illness that cyanosis and clubbing of 
the fingers were first noted. After this episode, how- 
ever, iside from slight dyspnea on exertion, she 
carried on fairly normally, and continued to work. 
She was married at the age of 24. During the next 
few years she had four miscarriages. 

In \larch 1939 she spent six weeks in the hospital 
with »oneumonia, and developed thrombophlebitis 
of the veins of the leg. Physical examination of the 
cardi vascular system at that time revealed a diffuse 
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apical impulse in the sixth intercostal space at the 
anterior axillary line. The second pulmonic sound 
was accentuated. There was a systolic thrill and a 
harsh systolic murmur over the left border of the 
sternum, and a systolic and presystolie murmur at 
the apex. The liver and spleen were not palpable. 
There was slight ankle edema, cyanosis was present, 
and there was marked clubbing of the fingers. 

In November 1939 a pregnancy was terminated 
because of the patient’s cardiac lesion. One month 
later, following a cold and sore throat, she was 
readmitted to the hospital with fever, polyarthritis 
dyspnea, orthopnea, and cyanosis. She developed 
acute pericarditis with effusion and congestive fail- 
ure. Her course was stormy requiring oxygen ther- 
apy, mercurial diuretics, and digitalization. After 
discharge from the hospital, dyspnea on walking 
persisted and ankle edema was now a frequent 
manifestation. In February 1943 she was again ad- 
mitted to the hospital, this time for medical examina- 
tion before undergoing extraction of a tooth. At that 
time her main complaints were frequent headaches, 
mild dyspnea on exertion, and occasional ankle 
edema. She had been taking digitalis steadily for 
three years. Physical examination revealed a well 
nourished, well developed cyanotic woman. There 
was marked clubbing of the fingers and toes. A 
malar flush was present. Her blood pressure was 
140/90. A few moist rales were present at both lung 
bases. There was a systolic retraction of the lower 
end of the sternum. The apex beat was diffuse. The 
heart was enlarged to the left and downward to the 
sixth intercostal space just outside the midclavicular 
line. A systolic thrill was palpable in the third left 
intercostal space, lateral to the sternal border. The 
second pulmonic sound was very loud. There was a 
short, harsh systolic murmur at the apex with ac- 
centuation of the first sound. This was followed by 
a low-pitched, rumbling mid-diastolic murmur. A 
rough systolic murmur of a different quality was 
present over the left border of the sternum, best 
heard over the lower portion. The liver border was 
palpable 5 em. below the right costal margin and 
pulsation was present. The spleen was not palpable. 
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lympho-endothelial system with a semblance 
of the spread of miliary tuberculosis. However, 
there is no reckless destruction of the organ 
parenchyma. Where reticulo-endothelial tissue 
was involved, in some instances, an increased 
degree of fibrosis resulted. 

Attention is called to the fact that in many 
sites the presence of the nodes was discovered 
only by means of microscopic examination. 
Many such nodes may heal and disappear with 
no remaining evidence or sometimes leaving 
only a non-specific scar. In this particular case 
an exception is seen in the extensive destruction 
in the heart muscle described above. Often this 
was a result not only of the confluence of the 
tubercle-like nodes but also of a fibrosis or a 
widespread infiltration by reticulo-endothelial 
and lymphoid-like cells causing atrophy of the 
‘ardiac musculature. It seems worthy of men- 
tion that where normal heart muscle and sar- 
coid tissue meet in the left ventricle one can 
see the invasion of the former by finger-like 
processes. 

Progressive decrease in the efficiency of the 
left ventricle was followed by acute dilatation 
and subsequent failure of the right ventricle 
due to the overload. The marked involvement 
of the epicardium and the specific perivascular 
localization of the granulomatous process has- 
tened the failure. There was no increased resist- 
ance to the pulmonary circulation due to mas- 
sive infiltration or interstitial fibrosis of the 
lungs, which has been mentioned as one cause 
of death in sarcoidosis of the heart.?:* The 
destruction in this case was so widespread 
as to cause the myocardial failure in contradis- 
tinction to the assumption of a specific inter- 
ference with the cardiac conductive system 
described by Longscope.*: *: ° 

This case is distinguished by the fact that it 
was not influenced by additive effect of such 
complications as manifest tuberculosis or syphi- 
lis. This absence of tuberculosis seems remark- 
able, since the study of the literature leads 
one to parody Ewing’s expression for the as- 
sociation of Hodgkin’s disease and tuberculosis, 
i.e., we might say: ‘Tuberculosis follows sar- 
coidosis like a shadow.” 

It would exceed the scope of this paper to 
discuss the etiology of this protean malady. 
Let us simply agree with Freimann’s conclu- 


sion’: ‘‘The etiologic issue is still far from s: 
tion and has made little progress in the 
twenty years.” 


SUMMARY 


An autopsy performed on a 26 year 
Negro woman who died suddenly and unex; 
tedly is reported. 

The gross anatomic impression was of a \ 
spread fibrosis of the left cardiac ventr 
The microscopic examination revealed th: 
granuloma-like tissue, characteristic of sarcoi 
dosis, had replaced the greater part of ‘he 
musculature of the left ventricle and its payil- 
lary muscles. The process also affected ‘he 
overlying epicardium. The right ventricle. {ess 
affected, was acutely dilated. 

Sarcoid nodes were found disseminated in 
the lungs, mediastinal and _ retroperitoneal 
lymph nodes, spleen, gastric mucosa, liver, kid- 
ney, thyroid and pituitary glands. 

The case was free of evidence of tuberculosis 
or syphilis. 


ADDENDUM 


An additional case of sarcoidosis of the myo- 
cardium was reported recently in a clinicopatho- 
logic review of 300 cases of sarcoidosis compiled 
by Ricker and Clark.® 
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A Case of Marked Dilatation of the Pul- 


monary Arterial Tree Associated with 
Mitral Stenosis 


By 8. SeGauy, M.D., I. I. Rirrer, M.D., anp W. Hwana, M.D. 


\ case which was studied with the technic of catheterization is discussed as a problem in the diag- 


nosis of this syndrome. 


CASE of marked dilatation of the en- 

tire pulmonary arterial tree with cal- 

cification is being reported because of 
the rarity of the condition, and the unusual 
roentgenologic and clinical findings. The pa- 
tient has been followed at the Michael Reese 
Hospital for a number of years. Intracardiac 
catheterization was recently performed in an 
attempt to arrive at a more accurate diagnosis, 
and to determine, if possible, what primary 
etiologic factors were involved. 


CasE REporT 


Mrs. A. C., a 42 year old housewife, was admitted 
to the Michael Reese Hospital on November 27, 
1948, with minor lacerations and bruising following 
an automobile accident. Her father had died of 
pneumonia, and her mother of a heart attack at the 
age of 42 years. As a child her development was 
normal, and she enjoyed fairly good health. At the 
age of 14 years her tonsils were removed. Signs of 
heart disease present at that time led to a diagnosis 
of mitral stenosis. At theage of 16 she developed acute 
rheumatie fever and spent eight months in bed. It 
was during this illness that cyanosis and clubbing of 
the fingers were first noted. After this episode, how- 
ever, aside from slight dyspnea on exertion, she 
carried on fairly normally, and continued to work. 
She was married at the age of 24. During the next 
few \cars she had four miscarriages. 

I March 1939 she spent six weeks in the hospital 
With pneumonia, and developed thrombophlebitis 
of the veins of the leg. Physical examination of the 
card ovascular system at that time revealed a diffuse 
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apical impulse in the sixth intercostal space at the 
anterior axillary line. The second pulmonic sound 
was accentuated. There was a systolic thrill and a 
harsh systolic murmur over the left border of the 
sternum, and a systolic and presystolie murmur at 
the apex. The liver and spleen were not palpable. 
There was slight ankle edema, cyanosis was present, 
and there was marked clubbing of the fingers. 

In November 1939 a pregnancy was terminated 
because of the patient’s cardiac lesion. One month 
later, following a cold and sore throat, she was 
readmitted to the hospital with fever, polyarthritis 
dyspnea, orthopnea, and cyanosis. She developed 
acute pericarditis with effusion and congestive fail- 
ure. Her course was stormy requiring oxygen ther- 
apy, mercurial diuretics, and digitalization. After 
discharge from the hospital, dyspnea on walking 
persisted and ankle edema was now a frequent 
manifestation. In February 1943 she was again ad- 
mitted to the hospital, this time for medical examina- 
tion before undergoing extraction of a tooth. At that 
time her main complaints were frequent headaches, 
mild dyspnea on exertion, and occasional ankle 
edema. She had been taking digitalis steadily for 
three years. Physical examination revealed a well 
nourished, well developed cyanotic woman. There 
was marked clubbing of the fingers and toes. A 
malar flush was present. Her blood pressure was 
140/90. A few moist rales were present at both lung 
bases. There was a systolic retraction of the lower 
end of the sternum. The apex beat was diffuse. The 
heart was enlarged to the left and downward to the 
sixth intercostal space just outside the midclavicular 
line. A systolic thrill was palpable in the third left 
intercostal space, lateral to the sternal border. The 
second pulmonic sound was very loud. There was a 
short, harsh systolic murmur at the apex with ac- 
centuation of the first sound. This was followed by 
a low-pitched, rumbling mid-diastolic murmur. A 
rough systolic murmur of a different quality was 
present over the left border of the sternum, best 
heard over the lower portion. The liver border was 
palpable 5 em. below the right costal margin and 
pulsation was present. The spleen was not palpable. 
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There was slight pitting edema about the ankles. 
Fluoroscopy revealed a normal-sized left ventricle. 
Both auricles were markedly enlarged. Both inflow 
and outflow tracts of the right ventricle were en- 
larged. Marked dilatation of the pulmonary artery, 
affecting the trunk and both main branches, with 
calcification in the walls, was noted. Laboratory 
studies revealed a hemoglobin value of 14.3 grams 
with 6,260,000 red blood cells. The blood Kahn reac- 
tion was negative. Treatment consisted of bed rest, 
diurectis, and digitalis. 

In June 1945 the patient was again hospitalized 
because of severe congestive failure, with a history 
of cold, cough, and sore throat for six weeks prior 
to admission. While in the hospital, she developed 
thrombophlebitis of the legs. Soon after, several 
episodes of acute chest pain followed by hemoptysis 


MARKED DILATATION OF PULMONARY ARTERIAL TREE 


was in the sixth intercostal space at the anterior 
axillary line. Findings on auscultation were si:ilg; 
to those heard on previous admissions. A_p)\ono- 
cardiogram, recorded with the Sanborn Stetho -Car. 
diette, showed a systolic murmur after the first 
sound at the pulmonic and aortic areas. §\ stolic 
and mid-diastolic murmurs were recorded :¢t the 
apex. The veins of the neck were distended. \foist 
riles were present at the lung bases. The liver was 
enlarged and tender, extending to 7 em. below the 
right costal margin. The spleen was tende’ and 
palpable with deep inspiration. There was mo lerate 
ankle and sacral edema. The earliest availabl« elec. 
trocardiogram, made in 1939 when she had pneu. 
monia, showed a right-sided heart strain. A -econd 
electrocardiogram, made in February 1940 curing 
convalescence from a severe episode of acute rheu- 


Fic. 1.—Teleoroentgenogram of the chest made in July 1948. Posteroanterior (A, Left) and left 
anterior oblique, (B, Right) views. (Discussed in text.) 


occurred and bilateral ligation of the femoral veins 
was performed. In November 1946 she was again 
hospitalized because of an exacerbation of congestive 
heart failure. In 1947 she was hospitalized on two 
occasions because of sudden chest pain, cough, and 
blood-streaked sputum, and a diagnosis of pul- 
monary emboli was entertained. Two other admis- 
sions in 1947; 4nd three in 1948 were mainly for 
recurrent upper respiratory infections and exacerba- 
tion of heart failure. However, repeated pulmonary 
embolization may have played an important role 
du ing these episodes, which were marked by ‘fre- 
quent attacks of sudden chest pain and hemoptysis. 

Physical examination, made on admission in No- 
vember 1948 following the automobile accident, 
revealed multiple bruises, cuts, and ecchymoses of 
the face, chest, and limbs. The patient was orthop- 
neic and cyanosed, The point of maximum impulse 


matie fever, pancarditis, and congestive failure, 
showed the development of a block of the right 
bundle branch system. An electrocardiogram made 
during her last admission showed no significant 
changes from previous tracings. Fluoroscopic find- 
ings were similar to those of previous admissions. 
A review of this patient’s chest films revealed 
that marked aneurysmal dilatation of the pulmo- 
nary artery trunk and its two major branche~ was 
present as far back as 1933. The chest films ex) osed 
in 1940 showed a dense bilobular mass the size of a 
lime with incomplete calcification of the peri) hery 
in the right midlung field. The main trunk an: left 
branch of the pulmonary artery were diffuse’ di- 
lated. The radiologist who then had access to i!ms 
taken in 1933 and 1936, noted that little chan e in 
the size of the lesions had occurred. In the e: rlier 
films, however, there had been no eviden~ of 
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ealci cation. Roentgenograms made during the pa 
tients illness in 1943 showed an increase in size of 
the -.ass in the right midlung field, with less ten- 
den. to lobulation, and an increase in caleium 
dep: it. No appreciable radiologic changes occurred 


eh: 
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ter. At the conclusion of catheterization, a sample of 
blood was withdrawn from the femoral artery. The 
oxygen content of the blood samples was determined 
by the method of van Slyke and Neill.!' Blood-flow 
estimations were based on the principle outlined 


et ee 


Fic. 2.—Anteroposterior films exposed with the patient in the supine position at a distance of 
four feet, by the Potter-Bucky technic. A (Left), The catheter has passed along the markedly di- 
lated right pulmonary artery. B (Right), The tip of the catheter in the right ventricle demonstrates 


the tremendous size of that chamber. 


in the next five years and roentgenograms made in 
1948 (fig. 1) revealed no changes, showing chiefly three 
dense shadows within the chest, one in the right 
midlung field and two in the left side of the chest 
closer to the hilus. 

This patient was seen by a number of different 
observers during her numerous admissions to the 
hospital. The most likely diagnosis considered was 
aneurysmal dilatation of the pulmonary artery and 
mitral stenosis. The possibility of an associated 
interauricular septal defect (Lutembacher’s syn- 
drome) was strongly entertained. The masses did 
not pulsate, however, and even with the aid of 
fluoroscopy, one could not rule out the possibility 
of lung eyst or tumor. The possibility of an A-V 
aneurysm was remote. 

Physiologic Studies. It was decided that intra- 
eardiuce catheterization would be of diagnostic help 
in this case, especially in determining the presence 
or absenee of interauricular septal defect or other 
possille congenital shunt. The technic of right- 
sided eart catheterization as described by Cournand 
and colleagues! was closely followed. Blood samples 
were withdrawn in quick succession from the right 
and ‘iain pulmonary arteries, the right ventricle, 
right auricle, and superior vena cava. Roentgeno- 
gram). were made and pressures recorded with a 
Ham iton manometer’ at each position of the cathe- 


TasBLe 1.—Summary of Data 


Systolic | Diastolic 
Catheter Location Oxygen Vols. % | Pressure | Pressure 
(Mm. Hg)! (Mm. Hg) 


Right pulm. art. 9.5 80 35 
Main pulm. art. 10.9 80 35 
Right ventricle sample 75 12 
clotted 
Right auricle 9.5 mean pressure 
10.6 +5 

Superior vena cava 10.1 
Femoral artery 12.9 

Resting oxygen consumption = 200 ec. per min- 
ute. 

- 2050 j 
Cardiae output = xX 100 = 6.9 liters 
12.9 — 10.1 

per minute. 


by Fick.t The patient’s oxygen consumption was 
determined with a Sanborn Metabulator. 

Results of catheterization are shown in table 1. 
The oxygen content of blood samples from the 
superior vena cava, the right auricle, and the pul- 
monary artery did not differ significantly. Pressures 
were definitely elevated in the pulmonary artery 
and right ventricle. The oxygen content of arterial 
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blood drawn from the femoral artery was 12.9 vol- 
umes per cent. The oxygen capacity was 19.4 
volumes per cent and the arterial oxygen saturation 
was calculated to be 66.5 per cent. The patient’s 
resting oxygen consumption was 200 ¢.c. per minute. 
By dividing the oxygen consumption per minute 
by the arteriovenous oxygen difference of the blood 
in the right auricle and the femoral artery the cardiac 
output was estimated to be 6.9 liters per minute. 
Figure 2, A shows the catheter in the markedly 
dilated right pulmonary artery and _ identifies it 
beyond doubt. In figure 2, B the tip of the catheter 
is in the right ventricle (as confirmed by pressure 
curves and blood oxygen content) and demonstrates 
the tremendous size of that chamber. 

The catheterization studies led to the foliowing 
conclusions: (1) Roentgenologic visualization of the 
catheter in the large masses established their identity 
as parts of a dilated pulmonary arterial tree. (2) 
Since the blood samples taken from the superior 
vena cava, the right auricle, and the pulmonary 
artery did not differ significantly in oxygen content, 
the possibility of the presence of a patent ductus 
arteriosus or of a septal defect was ruled out. 
(3) The marked unsaturation of the peripheral 
arterial blood strongly suggested the presence of 
pulmonary arteriolar disease with poor respiratory 
gas exchange. The relatively high cardiac output 
in all probability acted as a compensatory mechan- 
ism, similarly to what is noted in chronic cor 
pulmonale and in emphysema. (4) The high pressures 
in the pulmonary artery and right ventricle were 
likely due to a combination of (a) mechanical 
obstruction at the mitral valve, and (b) increased 
peripheral pulmonary resistance by an altered pul- 
monary arteriolar bed. The equality of systolic 
pressure in the pulmonary artery and right ventricle 
eliminated the possibility of pulmonary stenosis. 


COMMENTS 


Clinical and physiologic studies would indi- 
‘ate that the main lesions present in this case 
were: (1) Marked aneurysmal dilatation of the 
main pulmonary artery and its major branches 
with calcification of the arterial walls. (2) Asso- 
ciated theumatic heart disease with mitral 
stenosis. (3) An altered pulmonary arteriolar 
bed which may be primary, or secondary, to 
the mitral stenosis. 

Greene and his co-workers’ have recently 
reported 4 patients with idiopathic congenital 
dilatation of the pulmonary artery, apparently 
the first group of subjects in which physiologic 
studies were performed with the aid of intra- 
cardiac catheterization. They found normal 
pressures in the right ventricle and lower pres- 


sures in the pulmonary artery. They attributed 
the lower pulmonary arterial pressure to tur- 
bulence created by the deformity, to an inc) ease 
in expansibility of the pulmonary arteries due 
to the thinness and dilatation of their \ alls. 
or to a relative stenosis caused by a stret: hing 
of the free edges of the semilunar cusps «ross 
the orifice of the valve. As mentioned a oye. 
in the patient here reported, the pressures ob- 
tained in the pulmonary artery are giossly 
elevated, therefore pointing to the pre-ence 
of associated lesions. 

The association of dilatation of the pulmo- 
nary artery and mitral stenosis has been de- 
scribed before. D’Aunoy and von Haan? in 
their review of 85 patients with pulmonary 
aneurysms, noted 5 cases that were associated 
with mitral stenosis. In all 5, the pulmonary 
artery trunk alone was involved. In 4 of the 
5 cases, sclerosis of the pulmonary artery, of 
unknown origin, was considered to be the main 
etiologic factor. The fifth case was one of con- 
genital mitral stenosis, and a congenital defect 
in the pulmonary vasculature was believed re- 
sponsible for the aneurysm. 

Atheromatosis of the pulmonary arterial tree 
as well as pulmonary arteriolar sclerosis has 
been noted fairly frequently in association with 
dilatation of the pulmonary artery. Deterling 
and Clagett,’ in a review of 36 cases of 
aneurysm of the pulmonary artery proved by 
necropsy, noted the presence of atheromas in 
11 of the patients. In 3 out of these 11, there 
was marked arteriosclerosis throughout the 
lungs associated with right cardiac dilatation. 
They reported a patient of their own with 
aneurysmal dilatation of the right pulmonary 
artery, and severe sclerosis of the arterioles 
in both lung fields. Gibson® described a patient 
with a huge pulmonary artery, who after death 
was shown to have a primary proliferative 
arteriolar sclerosis of the pulmonary vess-ls. 
Gold® reported a case of congenital dilats'ion 
of the pulmonary artery trunk and_ the 
branches, associated with  arteriosclerotic 
changes throughout the entire pulmonary ar- 
terial tree. On the other hand, Parker ind 
Weiss,'® in reporting on the structural cha: zes 
in the lungs in mitral stenosis, described in- 
timal proliferative changes in the = lo zr 
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bran: hes of the pulmonary arterial tree, marked 
bros thickening of the intima of the medium- 
zed arteries, and a hyperplastic arteriosclero- 
js 0 the arterioles. 

Or the basis of pathologie criteria set up 
py previous workers,®:7 one is not justified 


in rezarding the present case as one of pure 


cong -nital dilatation of the pulmonary artery. 
On the other hand, it seems extremely unlikely 
that mitral stenosis, no matter how severe, 
even When giving rise to pulmonary arteriolar 
«lerosis and marked pulmonary hypertension, 
ould, per se, lead to such massive diffuse 
dilatation of the pulmonary arteries. It is there- 
jore believed that an inherent weakness, pres- 
ent in the arterial wall since birth, was a pri- 
mary factor in allowing the dilatation to oc- 
cur. Whether the pulmonary arteriolar changes 
which were suggested by this study were sec- 
ondary to the mitral stenosis, or were congen- 
ital in origin remains unknown. 


SUMMARY 


1. A case of marked diffuse dilatation of 
the pulmonary arterial tree associated with 
calcification in the walls has been presented. 

2. The difficulties in determining the pri- 
mary etiologic factors have been discussed. 

3. The results of intracardiac catheterization 
have been described, and the conclusions 
reached have been discussed. 
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Sclerosis of the Chordae Tendineae of 


the Mitral Valve 


By Leon Soxovorr, M.D., Samvuew K. Ester, Captain, MC, AUS, AND NoRMAN RIGHTHAND, \[_J), 


Thickening and sclerosis of the chordae tendineae of the mitral valve are seen fairly frequently in 
hearts that are not ordinarily considered to be rheumatic. In this report a systematic study of these 
lesions is presented. Factors involved in their pathogenesis and their significance in the develop- 
ment of the chronic rheumatic deformity are discussed. 


N NUMEROUS investigations concerning 

the sclerotic lesions of the valves of the 

heart, detailed descriptions of the rings 
and leaflets of the aortic and mitral valves 
have been made.'~"" These various sclerotic 
changes have been interpreted as rheumatic, 
inflammatory, degenerative, or congenital. Al- 
though the chordae tendineae of the mitral 
valve are frequently thickened or otherwise 
deformed, they have apparently not been the 
object of systematic study. More than thirty 
years ago Felsenreich and von Wiesner* noted 
that a remarkably large number of isolated 
chordae were thickened or had low-grade fu- 
sion. The histologic appearance of such chordae 
suggested the extension of an inflammatory 
process from the leaflet. Previous writers had 
included these thickenings with the hyperplas- 
tic, noninflammatory changes of the mitral 
leaflet that take place with wear and tear. 
Deposition of lipid in the chordae, or at their 
insertions into the mitral leaflet, in persons 
beyond the third decade of life iscommon.”: *~"! 
Loss of cellularity and microscopic calcification 
occur at these sites as another manifestation 
of the aging of the connective tissue of the 
‘ardiac “‘skeleton.’!®'' The likelihood that 
mechanical factors influence the development 
of these changes has been considered by several 


9 


observers.’ |! Béhmig and Kriickeberg”? con- 
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sidered the sclerotic changes in the chordae 
and those of the insertional portion of the 
leaflet to be the result of various types of 
systemic infections, a response to foreign pro- 
teins “in the broadest sense.”’ 

In the present investigation the dimensions 
and histologic appearance of the chordae 
tendineae have been studied in human hearts 
that were considered grossly to be nonrheu- 
matic. The extent and pattern of distribution 
of the sclerotic changes were thus determined 
and correlated with many factors of possible 
significance in the pathogenesis of the lesions. 


MertTHODS AND MATERIAL 


The study was made on 200 hearts examined 
at necropsy in Bellevue Hospital, New York. 
These included a large proportion from chil- 
dren, women, and Negroes. Many of the hearts 
from these were obtained through the cour- 
tesy of Drs. Milton Helpern, Robert Fisher, 
and Henry Weinberg of the Medical Exami- 
ner’s Department of the City of New York. 
All hearts with distinct rheumatic lesions such 
as fusion of the chordae tendineae and all those 
from subjects with a history of rheumatic fever 
were excluded. The hearts were otherwise un- 
selected. 

The mitral valves were excised in the region 
of the annulus and at the origin of the chordae 
from the papillary muscles. They were fixe: in 
a flattened position in 10 per cent form:|in. 
Precise measurement of the diameter (width) 
of the chorda was made from photographic 
enlargements of both leaflets. The surface~ of 
the leaflets were wiped dry, the valve plaved 
in the negative holder of a photographic en- 
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large’ (Federal #440), and the image pro- 
jecte| onto photosensitive enlarging paper of 
medi im contrast. The magnification used was 
thre. diameters. The leaflets were placed ven- 
tricu ar face down in the holder so that this 
surfs e was brought into prominence in the 
photographic image. It was decided that the 
lengt!: and width of the chordae inserting into 
the \entricular aspect of the leaflets (chordae 
of the second order [Tandler'®]) were more 
amenable to measurement than were those of 
the chordae inserting into the free margin (chor- 
dae of the first order). Letters were used to 
designate the chordae on either side of the 
apex of the free margin of the anterior leaflet; 
the chordae on the anterior (left) side of this 
leaflet were labeled with a capital letter (A, B, 
(‘, and so on), while those on the posterior 
(right) side were marked with a lower-case 
letter (a, b, ce, and so on). The width (diameter) 
was measured with calipers and was accurate 
to 0.1 millimeter. In the majority of instances 
the main trunk of the chordae was of fairly 
uniform diameter and offered no difficulty in 
measurement since major branching of the 
chordae took place shortly beyond the origin 


or close to the insertion. When major branching 
took place at a more intermediate position, 
the diameters of the branches rather than tne 
main trunks were determined. The length of 
each chorda was measured between the origin 
and « line drawn on the photographs along the 
apex of the arcade between the insertions 


1 


(fig. |). Similar observations were made for 
comparative purposes on fifty bovine mitral 
valves 

Gross sections of the thickest chorda of the 
anterior leaflet were made for histologic study 
ineach ease. A strip of paper attached to the 
ventr:cular aspect with a 50 per cent solution 
of guin acacia was used to orient each specimen 
in the paraffin block. This permitted exact 
localivation of sclerotic alterations. Sections 
Were stained with hematoxylin and eosin, and, 
wher the sclerosis was marked, with Weigert- 
van ‘ ieson stains. The thickness of the central 
(fibr’sa) layer and the external (subendo- 
card (1) layer was measured with an eyepiece 
mici meter. Sections of the mitral leaflet were 
mac when the chordae were sclerotic. Sections 


of myocardium were available except from the 
hearts of 15 infants or young individuals and 
5 adults obtained from the medical examiner’s 
office. In none of these 20 hearts was there ap- 
preciable sclerosis. 

The following data were recorded when avail- 
able: weight of the heart; age, sex, race, and 
arterial blood pressure of the subject; an esti- 
mate of the degree of generalized arteriosclero- 
sis; circumference of the ring of the mitral 
ralve; the presence of calcification in the an- 
nulus of the aortic and mitral valves, myo- 
‘ardial infarction, pericarditis, and syphilitic 
aortitis. 

The width of a chorda tendinea approximates 
its diameter only when the chorda is almost 
round on cross section. In 13 of the adults and 
7 of the infants and children, the widest chor- 
dae were markedly flattened and measurements 
of these chordae have been excluded from the 
calculations. 


RESULTS 

Casual inspection of the valves revealed a 
relative thickening of certain chordae tendineae 
of the anterior leaflet of the mitral valve in 
every heart. The histologic sections of the 
thickest chorda disclosed that most of its sub- 
stance was made up of relatively acellular colla- 
gen. This material was usually directed, in a 
normal fashion, parallel to the long axis of the 
chorda. In the hearts from subjects in the third 
decade of life or older, a subendocardial layer 
of collagen frequently encircled this central 
core, at least in part. When this circular layer 
was thick, it constituted the bulk of the cross 
section and could even be distinguished grossly. 
Such enlarged and altered chordae were readily 
identified as abnormal (fig. 2). Obviously, there 
has been an accretion of tissue. A certain de- 
gree of subendocardial thickening can be inter- 
preted as analogous to the stratification that 
occurs in the leaflets of the mitral valve with 
aging.!° Chordae that showed only slight sub- 
endocardial thickening without gross enlarge- 
ment were classified as normal for the adult. 
Those with a thick subendocardial ring were 
listed as sclerotic chordae tendineae. Separate 
‘ategories were made for infants, 1 year of age 
or less, and children, below 16 years. As stated 
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1.—Diameters of Thickest Second Order 
Chorda Tendinea of Anterior Leaflet 
(in millimeters) 


Child- | Sclerotic 
| (Adult) 


| 


| 
0.86 | 0.37 0.50 | 


Normal 
(Adult) | Infants | oo 
| | 
| 


Aver: ge 2.15 
Rang 


Stan 
Num 


i. (0.4-1.5/0.2-0.5/0.4-0.7/1.2-3.8 
rd deviation . ./ 40.20 — — | — 
10 (7)#|17 (13)f} 1 


‘r of cases.....|149* 


*Thirteen cases in which the widest chorda ten- 
dinex was flattened are not included in this table. 

+The figures in the parentheses represent the 
number of hearts with chordae that were not flat- 
tened and were therefore suitable for the above 
calculations. The figures not in parentheses include 
both types of chordae. 
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those of the posterior. The diameter of the 
thickest of these followed a normal-typ2 dis- 
tribution curve (fig. 4). The scatter of varia- 
tion between the posterior leaflet chordae is 
Order 


TABLE 2.—Average Diameters of Second 


Chordae Tendineae of Posterior Leaflet 
(in Millimeters) 


Sclerotic 
Chordae 
(Adult 


Normal 
Chordae 
(Adult) 


0.35 
Range 0.19-0.56 | 0.29-0.42 
Standard deviation +0.07 — 


Number of cases...... 11 


TABLE 3.—Lengths of Second Order Chordae Tendineae (in Millimeters) 


Average 
Posterior 
Leaflet 


Average of normal 
chordae (adult).. 

Range 

Standard deviation. ... 

Number of cases....... 


18.0 18.0 19.0 
.|10.1-29.0 
+3.3 me eet 
149 134 147 


Average of sclerotic 
chordae (adult).. 

Range : 

Number of cases....... 11 10 11 


17.3 16.7 17.5 


previously, measurements were not made on 
flattened (adult) chordae. The distribution of 
cases in each category was as follows: 


Infants: 10 eases 

Normal chordae 

I'\attened chordae 
Children: 17 cases 

Normal chordae 

liattened chordae 
Adult«: 173 eases 

Normal chordae 

 attened chordae 

» lerotie chordae 11 
BE conga OE IRS Oh Rn gh thd Be See tty 2 Res 200 

D.-.ensions of the Chordae Tendineae (Tables 

/-3 In the normal group, there was in every 
hear’ a relative thickening of certain of the 
cho: jae of the anterior leaflet: compared with 


9.0-33.3 |10.0-28.7 | 7.3-32.3 


12.2-22.4 12.3-21.0 11.7-24.0 |13.0-26.0 


Ratio: Length 
of Thickest 
Anterior to 

Average 
Posterior 


Anterior Leaflet 


21.5 21.6 19.1 
9.3-43.3 | 9.3-35.0  9.0-38.3 


149 139 


1.14 
0.66-1.72 
+0.22 
149 


19.0 


149 148 


20.9 20.1 20.5 1.18 
14.3-26.7 |15.0-26.3 |15.0-23.7 | 0.88-1.56 
11 6 11 


19.7 


e NORMAL ADULT 
e SCLEROTIC 


NUMBER OF CASES 


05 10 15 20 25 30 35 40 
DIAMETER OF CHORDA (um) 


fic 4—The distribution of diameters of the thick- 
est churdae tendineae of the anterior mitral leaflet 
in adults. 


much smaller. The relative thickening of an 
anterior leaflet chorda may be expressed as the 
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ratio of its diameter to the average of the di- 
ameters of the posterior leaflet chordae. In the 
normal group this average value was 2.5. In 
most instances the thickest chordae were those 
most central of the anterior leaflet (A, B, a). 
This relationship obtained also in infants and 
children. In 50 bovine hearts the average di- 
ameter of the thickest chorda tendinea of the 
anterior leaflet was 1.6 + 0.54 mm. and the 
general average of the individual average di- 
ameters of the posterior leaflet chordae ten- 
dineae was 0.7 + 0.03 mm., a ratio of 2.3. 

In the 11 sclerotic hearts the diameter of the 
chordae was in general very greatly increased. 
Usually only one or two of the chordae were 
involved and in this group also the site of predi- 


Fic. 5.—Cross section of the thickest second order 
chorda tendinea of the anterior mitral leaflet of a 
6-month-old infant. Nuclei of fibroblasts are dis- 
cernible ‘in the central core, and their main axis 
in some instances is in the plane of the section. 
(Hematoxylin and eosin stain. X80.) 


lection for the thickening was the a, A, or B 
position. In addition, in the group with flattened 
chordae, thickening due to similar histologic 
alteration was found in two isolated posterior 
leaflet chordae and in one anterior leaflet 
chorda; these are excluded from the present 
calculations. 

In the sclerotic group the thickening did not 
involve the chordae of the posterior leaflet; the 
average diameters of the latter were the same 
in the sclerotic and normal hearts. 

In most instances the sclerosis involved the 
entire length of the chorda. Occasionally there 
was fusiform swelling of only the trunk of the 
chorda or a tapered thickening at the insertion 
into the leaflet. 


The lengths of the chordae tendineae of the 
anterior leaflet varied greatly, usually to a much 
greater degree than did those of the posterior 
leaflet. Their relative length in each heart has 
been expressed as a ratio of the length of the 
anterior leaflet chorda to the average of the 
lengths of the chordae of the posterior le: fet, 
In general, the second order chordae of the 
anterior leaflet were only slightly longer (| .14) 
than those of the posterior leaflet. In the 
sclerotic anterior leaflet chordae the rel: tive 
length was 1.18. This difference is insignificant 
and demonstrates that the process of sclerosis 
was not accompanied by shortening. 

Histologic Structure. The collagenous core of 
the normal chorda was continuous with the 
dense fibrosa layer of the leaflet. In infancy 
and early adult life it was largely acellular, but 
the collagen was clearly fibrillar. At this time 
the fibrils were wavy and therefore coursed for 
a distance in the plane of the cross section al- 
though mostly they were directed in the plane 
of the axis of the chorda (fig. 5). With aging 
the collagen became less fibrillar, and formed 
more compact, less cellular bundles. The sub- 
endocardial circular layer was rarely prominent 
in subjects younger than 30 years of age. When 
it first became prominent it was loosely ar- 
ranged, and paler than the central core and 
more cellular. In older subjects in the later 
decades of life it, too, became hyalinized al- 
though the circular arrangement clearly per- 
sisted. 

In the flattened chorda the collagen was ar- 
ranged either as a single flattened dense band 
or as two partially fused, round bundles con- 
tained within a single endocardial sheath (fig. 
6). The former pattern was more frequent than 
the latter. The main trunk of a chorda typically 
had a single core before it gave off its branches. 

The sclerotic chordae were composed prin- 
cipally of hyalinized collagen arranged in con- 
centric circles. In the mildest form, this circular 
layer surrounded a moderately well-preserved 
central core of axially arranged fibers, whil: in 
more advanced lesions the central core bec: me 
atrophic (fig. 7). In several cases, two or tlree 
such axial bundles were found. With Weig:t- 
van Gieson stains, frayed elastic tissue fil vils 
were seen at the periphery of these axial | in- 
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dies. The subendocardial layer was stippled 
with calcific granules in one specimen. The 
leafl t was thickened also at the insertion of 
the -horda; when the chorda was sclerotic, this 
thic.ening was produced by hyaline collagen 
and irregular areas of looser, pale, basophilic 
fibrous tissue. In only two instances was there 
cons derable thickening of the remainder of the 
leaflet as well. In only one example did the 


Fic. 6.—Cross section of a flattened chorda tendinea 
of anterior mitral leaflet of a 72 year old white man. 
In this instance there are two distinct central cores 
incompletely separated by the partition of the sub- 
endocrdial layer. Note the absence of cells. (Hema- 
toxylin and eosin stain. X80.) 


leafle: or valve ring contain blood vessels; these 
were of the thick-walled type seen commonly 
in he» rts with healed rheumatic valvulitis. The 
sections of myocardium revealed no Aschoff 
bodi's or paravascular scars. Frozen sections 
of se eral of the sclerotic chordae stained with 
suds: 4 revealed very little lipid. Except for 
fibroblasts and a few mononuclear cells, there 
Was no cellular reaction. The original core of 


the chorda was usually centrally placed in the 
area of thickening. 

Influence of Age, Race, and Sex. Sclerotic 
chordae were found only in the hearts of white 
men from 37 to 82 years of age. If flattened 
chordae are excluded, there were no sclerotic 


Fic. 7—Section of a sclerotic anterior leaflet 
chorda from a 62 year old white man. The circular 
subendocardial layer is greatly increased in thick- 
ness and there is atrophy of the central core. (Weigert- 
van Gieson stains. X35.) 
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AGE IN YEARS 
Fic. 8.—The relation between the diameter of 


the thickest chorda tendinea of the anterior leaflet 
and the age of the subject. 


ones in 65 individuals less than 35 years of age. 
No progressive increase of incidence with age 
was noted among the hearts of the 11 subjects 
with sclerotic chordae who were older than 37 
years of age (fig. 8). Nevertheless, age would 
appear to be an important factor in the patho- 
genesis of this lesion since it was not found in 
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subjects who had not reached the fourth decade 
of life. 

There were 122 white and 38 Negro adults 
in the series. Nine per cent of the former and 
none of the latter had sclerotic chordae. At 
first glance this would seem to be a significant 
difference. Yet Negroes constituted 69 per cent 
of the adults below 36 years of age and only 12 
per cent of those above, and the absence of 
sclerosis in this group may be due to the 
younger age. It cannot be denied, however, 
that the reverse may be true, namely, that the 
absence of sclerosis in the younger group may 
theoretically be attributable to the high pro- 
portion of Negroes. 

There were 112 adult males and 49 females. 
Nine and eight-tenths per cent of the men but 
none of the women had sclerotic chordae. Fifty- 
nine per cent of the young adults were women, 
whereas in the older group the women com- 
prised only 25 per cent. The sex difference may 
therefore be attributed in part to age factors. 
The series is too small to allow a definitive 
statement in this regard. We have noted scle- 
rotic chordae tendineae in the heart of a woman 
not included in this series. 

Influence of Blood Pressure, Weight of Heart, 
Arteriosclerosis, and Other Lesions. Blood pres- 
sure readings were available in 116 of the 160 
adults; 106 had normal chordae while in 10 
there were sclerotic chordae. The subjects 
whose blood pressure readings were available 
were grouped into three classes:'those with low 
blood. pressure (less than 100/70)—4; those 
with normal blood pressure (100/70 to 148/88) 

75; those with high blood pressure (150/90 
and higher)—37. The incidence of the thicken- 
ing of chordae of the normal type was almost 
identical in the hypertensive and normotensive 


groups. Two of the 10 patients with sclerotic. 


lesions (20 per cent) had hypertension; 34 per 
cent of the persons with nonsclerotic chordae 
had elevated blood pressures. Arterial hyper- 
tension was thus not a significant factor in the 
development of this lesion. 

The weight of the heart in the adults bore 
no relation to the diameter of the thickest 
chorda tendinea of the anterior leaflet or to the 
development of the sclerosis (fig. 9). The latter 
was seen in hearts weighing from 170 to 620 


grams. The heart weighed more than 490 g) ims 
in only 2 subjects with sclerotic chordac. [py 
general the length of the chordae of the second 
order was greater in hypertrophied hearts * han 
in small ones, but there was much indiv’ luyal 
variation. The circumference of the mitra! ring 
could not be correlated with the presence of 
the lesion. 

The degree of generalized arteriosclerosi-~ was 
graded as none, mild, moderate, or sovere. 
There were 17 young adults without apy reci- 
able arteriosclerosis. Sclerosis of the cherdae 
tendineae was not present in any of thes: nor 
in the other young adults who had some ar‘ erio- 
sclerosis. Among the older group 7.6 per cent 
of those with mild, 5.6 per cent of those with 
moderate, and 10.8 per cent of those with 
severe arteriosclerosis had marked lesions of 
the chordae. Similarly there was no striking 
correlation with the incidence of myocardial 
infarction or calcification of the rings of the 
mitral or aortic valves. 

In 2 of the 11 subjects with sclerosis there 
was an associated syphilitic aortitis without 
insufficiency of the aortic valve. Pericarditis 
was absent in all eleven. In 2 subjects the 
principal anatomic diagnosis was pulmonary 
tuberculosis; in four there was a carcinoma of 
the upper gastrointestinal tract; in the re- 
maining the diagnoses included generalized ar- 
teriosclerosis, and duodenal ulcer with perfora- 
tion. 


DISCUSSION 


The results demonstrate that relative thick- 
ening of some of the chordae tendineae of the 
second order of the anterior mitral leaflet occurs 
with regularity in the human heart. Two types 
may be distinguished: (1) thickening as a nor- 
mal structural pattern, or (2) an acquired scle- 
rotic thickening. 

That the first type of thickening of the c|or- 


dae in this region is inherent in the construc! ion 


of the valve is indicated by the regularity © 
occurrence in human beings of all ages, cv 
in newborn infants, and in animals 
bovine) in which acquired rheumatic or art: 
sclerotic heart disease is not known to 0o¥ 
It usually is of mild degree but the diam‘ 
of these chordae may be two to three timc 
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mor than that of the chordae of the posterior 
leafl:t. In most instances the entire chorda is 
thickened. Little is known of the fetal develop- 
men! of the chordae tendineae. Cordier and 
Rou'® have described them in several early 
embryos. In a 9.5-mm. embryo the anlage of 
second order chordae may be seen on the an- 
terior (“internal’’) leaflet. In the 13.5-mm. em- 
bryo. as the bulbus arteriosus divides and the 
interventricular septum is completed, the chor- 


4.0 


the human heart noted increasing orientation 
of the collagen molecules in the axis of the 
chordae after childhood. The histologic appear- 
ance of the central core of collagen suggests an 
axial arrangement of the fibrils. In infancy and 
childhood these fibrils are wavy and run, in 
part, therefore, in the plane of the cross section 
as well. 

The pathogenesis of the sclerotic type of 
thickening is difficult to evaluate. Its location 
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Fig. 9.—The relation of the diameter of the thickest chorda tendinea of the anterior leaflet to the 


veight of the heart. 


dae oi} the anterior leaflet undergo resorption. 
This leaves a chorda-free hiatus and the thick- 
ened chordae are on either side of this gap. 
This position would suggest that mechanical 
facto's, stemming from the character of the 
blood flow in this region, influence the thick- 
ness «f these chordae. As aging takes place, the 
collacen of the chorda becomes more compact 
and |ivaline. Feitelberg and Kaunitz” in x-ray 
diffrtion studies of the chordae tendineae of 


suggests that mechanical factors may be con- 
cerned. As in the normal group, the central 
chordae of the anterior leaflet are chiefly in- 
volved. This suggests that the same factors 
may be involved in both varieties of thickening. 
Sclerotic changes in other parts of the cardio- 
vascular system have been attributed to 
mechanical influence such as the local blood 
pressure and the fixation or mobility of the 
part. It is noteworthy that the region of in- 
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sertion of these central chordae into the ven- 
tricular aspect of the anterior leaflet of the 
mitral valve unlike the region of insertion in 
the posterior leaflet is very frequently the site 
of atheromatous deposits. Such plaques may 
be seen to extend to the contiguous portions 
of the chordae. This does not imply necessarily 
that this chordal sclerosis is simply a process of 
atherosclerosis. Indeed there is no simple corre- 
lation between the degree of atherosclerosis of 


Fic. 10.—Section of chorda tendinea from the rheu- 
matic mitral valve shown in figure 3. The central 
core is markedly atrophied and the thickening is 
caused by the presence of a broad layer of circularly 
arranged collagen fibers. (Weigert-van Gieson stains. 
X30.) 


the leaflet and the sclerosis of the chorda. The 


importance of the mechanical factor is sug- 
gested by the observations that the sclerosis 
sometimes occurs with the sclerosis of the an- 
terior mitral leaflet that accompanies insuffi- 
ciency of the aortic valve due to syphilis or to 
isolated calcific stenosis of the aortic valve. 
The fact that the chorda may be more scle- 
rotic than the leaflet, and that the sclerosis may 
even be focal at a distance from the leaflet, 
contradicts the thesis that these changes are 


simply due to extension of an inflammatory (or 
other) process from the leaflet on to the 
chorda.”” 

On the other hand, there are certain feat: ires 
of close similarity of this lesion to thos: of 
healed rheumatic valvulitis. The patter of 
subendocardial fibrosis may be indistingt ish- 
able in the two. The existence of several : xial 
bundles of collagen within the thickened tags 
may correspond to the fusion of the chordie." 
The striking similarity between the thickvned 
chordae of healed rheumatic inflammation and 
the sclerotic chordae of the present series may 
be noted in figures 7 and 10. It cannot, howcver, 
be assumed that the existence of more ihan 
one axial bundle within the sclerotic chorda 
necessarily proves that fusion of pre-existent 
chordae has taken place and that the lesion is, 
therefore, of rheumatic origin. There may be, 
as pointed out previously (fig. 6), more than 
one fibrous core initially within a normal chorda 
tendinea. Furthermore, a single central core 
may conceivably become disorganized into two 
or more bundles during the process of sclerosis. 
One may speculate that the laying down of 
collagen in the present instance compensates 
for the weakening of the central core that at- 
tends its atrophy. It may be pointed out that 
the atrophy of this structure in the rheumatic 
cases is more likely secondary to the fibrosis, 
associated with the healing of endocardial and 
subendocardial inflammation. May not the at- 
tenuation of the central core be the result of 
the sclerosis in the present series as well? Other 
facts that argue against the rheumatic origin 
in these cases are the absence of fusion and 
shortening of the chordae, vascularization of 
the ring and leaflet (except in one instance), 
characteristic myocardial scars, pericardial ad- 
hesions, history of rheumatic fever, and the 
failure to find such sclerosis in younger adults. 
Furthermore, milder degrees of subendocardial 
sclerosis are seen in a large proportion of the 
normal adult hearts. 

The similarity of the appearance of the «cle- 
rotic chordae to those of the healed rheum.itic 
lesion suggests another possibility. In the 
milder examples of healed rheumatic val\itli- 
tis, in which the landmarks are not enti:ely 
destroyed, the earliest and most severe dam ige 
involves the chordae of the anterior lea ‘et, 
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par/icularly in the region of the right posterior 
wal! attachments (the a, b, c, d positions ac- 
coring to the present scheme of nomenclature) 
(fig 3). The previously mentioned considera- 
tions would suggest that mechanical factors 
ma\ possibly accentuate the development of 
the ‘ibrosis in chronic rheumatic deformity of 
the -hordae of the valve also. Such a concept 
js consistent with the commonplace observa- 
tions that fibrosis and stenosis far more fre- 
que:itly complicate acute rheumatic inflamma- 
tion of the mitral than of the tricuspid valve. 

That repeated systemic infections, or other 
toxie states in which foreign proteins may be 
present, may play a role cannot be disproved. 
Nevertheless severe chronic inflammatory foci 
were not found more frequently in individuals 
who had marked sclerosis of their chordae than 
in those who did not. 


SUMMARY 


The dimensions and histologic appearance 


of the second order chordae tendineae of the 
mitral valve were studied in 200 human hearts 
that were considered grossly to be free from 
rheumatic inflammation. Two types of rela- 
tively thick chordae were found. The central 
chordae of the anterior leaflet were thickened 
inall hearts, in subjects of all ages, and a similar 
pattern was found in the bovine heart. This 
suggests that this finding is a normal develop- 
mental phenomenon. Another type of thicken- 
ing was seen in 11 of 160 adult hearts. This 
was of much greater extent and was associated 
with laying down of large amounts of subendo- 
eardial collagen. Of the many factors possibly 
involved in the pathogenesis of this sclerosis, 
only two are suggested to be of importance: 
(1) the lesion was not seen in subjects younger 
than 37 years of age, and age, therefore, plays 
a role; (2) the predilection of central chordae 
of the anterior leaflet of the mitral to undergo 
this change suggests that mechanical factors, 
stemming from the character of the blood flow 
in this region, also are involved. 
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Healed Dissecting Aneurysm of the Aorta Er- 
roneously Diagnosed Paramediastinal Effusion; 
Death Following Attempted Aspiration 


By J. CHANDLER Situ, M.D., AND SALVATORE M. Sancetra, M.D. 


Approximately 1 per cent of dissecting aneurysms of the aorta develop re-entry tears and heal, 
forming the so-called ‘‘double-barrelled” aorta which is compatible with a variable period of sur- 
vival. Occasionally a case is found wherein the dissection has remained limited to the media, heal- 
ing without evidence of intimal tears. We describe such a case, so rare as to constitute a medical 


curiosity. 


WO UNUSUAL features have prompted 

us to report the following case of dis- 

secting aneurysm of the aorta. The x-ray 
shadow of the gfeurysm was interpreted as due 
to a paramediastinal effusion in a patient with 
known pulm§nary tuberculosis. An attempted 
aspiration lefl to perforation through the dis- 
section into’/the lumen of the aorta which re- 
sulted in’a fatal cardiac tamponade. At nec- 
ropsy the aorta exhibited a healed medial 
dissection with complete absence of an intimal 
tear. 


Case REporT 


W. F., a 27 year old white man, was known to have 
had pulmonary tuberculosis since 1938. The pul- 
monary lesions had been progressive despite inter- 
mittent bed rest. A right pneumothorax was per- 
formed in 1943 and a left pneumothorax in 1946. 
The last examination prior to the onset of the present 
illness was made on Feb. 25, 1948, following return 
to work. A complete physical examination at this 
time revealed no cardiac murmurs and a roentgeno- 
gram of the chest (fig. 1, A) disclosed bilateral 
pulmonary tuberculosis, a mediastinum of normal 
width, and no cardiac enlargement. Bilateral intra- 
pleural pneumothoraces were maintained. 

On April 27, 1948, the patient noted the onset of 
intermittent substernal pain without radiation and 
not related to exertion. On May 7, 1948, as he 
stepped down from a streetcar, he suddenly became 
short of breath and developed severe substernal 
pain radiating into the neck and the left arm. The 
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pain persisted for twenty-four hours and then gradu- 
ally subsided during the next four days. The short- 
ness of breath was constant and moderately severe. 
X-ray examination of the chest on May 18, 1948 
(fig. 1, B) revealed a convex bulge of the right border 
of the mediastinum at the level of the hilus of the 
right lung. This was thought to represent a loculated 
pleural effusion and the patient was permitted to 
continue in his employment as a_ piano player. 
However, because of constant shortness of breath, 
epigastric pain, and anorexia of four days’ duration, 
he was readmitted to the hospital on June 12, 1948. 
On the day before admission there was one episode 
of expulsion of dark brownish-red vomitus. 

The temperature was 37.5 C., the pulse rate 110, 
the respiratory rate 30, and the blood pressure 
170/70. Physical examination revealed a_ poorly 
nourished and chronically ill white man who was 
slightly cyanotic. There was a moderate funnel- 
shaped deformity of the chest. Bronchial breathing 
and increased dullness to percussion were noted over 
the apices of both lungs. Coarse rales were audible 
over the posterior base of the right lung. The heart 
was not clinically enlarged. A blowing, high-pitched 
diastolic murmur was heard over the third left 
parasternal area, transmitted well to the aortic 
auscultatory area. A blowing systolic murmur was 
heard best at the base and transmitted faintly to the 
apex. The second aortic sound was barely audible. 
The edge of the liver was barely palpable and slightly 
tender. There was no edema of the extremities or 
enlargement of lymph nodes. The reflexes were 
normal. 

The hemogram revealed 10 grams of hemoglobin, 
and 3,500,000 erythrocytes per cu. mm. of blood. 
The urine was normal. The reaction to the Kline 
test for syphilis was negative. An x-ray examiina- 
tion of the chest revealed findings similar to t/.ose 
shown in the previous film. In addition there \vere 
an apical pneumothorax on the right, a small plewral 
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effuson at the right base, and scattered mottling 
throughout both lungs with several foci of calcifica- 
tion within the right and left upper lobes. 

Tie clinical diagnoses were: loculated pleural 
effus on at the hilus of the right lung and bilateral 
pulmonary tuberculosis. On the second hospital 
day, aspiration of the pleural effusion was at- 
tem) ted. An 18-gage needle was inserted into the 
right second intercostal space 2 cm. from the border 
of the sternum and directed in an inferior and medial 


Fig. 1—A, Posteroanterior view of the chest 
taken February 25, 1948. The mediastinum is of 
normal width. The heart is elongated and midline 
in position, and there is slight prominence of the 
pulmonary conus. There are bilateral pneumotho- 
races and diffuse pulmonary infiltration. 


direction. At a depth of approximately 6 cm. the 
syringe suddenly filled with arterial blood and the 
needle was withdrawn. Shortly afterward the patient 
became pale, apprehensive, and severely dyspneic. 
The b'ood pressure was unobtainable and death oe- 
cure ten minutes after the aspiration. 

(ross Postmortem Findings. The pericardial sac 
was d'stended with approximately 800 cc. of bloody 
fluid snd blood clots. A needle puncture tract over 
the aliterior surface of the pericardium opened into 
asae of the aortic wall. This sac formed at the level 
of the sinuses of Valsalva, beneath the superior re- 
fleeticn of the pericardium, and extended for a dis- 


tance of 6 cm. along the ascending aorta. The sac 
measured 2 em. in depth and extended around all 
but 2 cm. of the circumference of the base of the 
aorta. There was slight compression of the base of 
the pulmonary artery (fig. 2). The lower part of the 
external wall of the sac was covered on its outer 
surface by blood-stained epicardium and the upper 
portion by adventitia and fibrous tissue of the 
mediastinum. The sac was filled with blood, and 
when evacuated, presented a pale, yellowish-gray, 


Fic. 1—B, Posteroanterior view of the chest taken 
on May 18, 1948, following the episode of acute sub- 
sternal pain. The médiastinum is now considerably 
widened. There is a pleural effusion at the right base. 


finely irregular lining surface. The internal wall of 
the sac was composed of a thin lamina of aortic 
wall. The position of the puncture holes of the sac 
indicated that a needle had entered the pericardial 
sac, pierced the external sac wall, traversed this sac, 
and then punctured the internal wall to enter the 
lumen of the aorta. Gross examination of the re- 
mainder of the aorta was not remarkable except for 
scattered yellowish-gray intimal plaques particularly 
about the ostia of the intercostal vessels and be- 
tween the renal arteries and iliac bifurcation. There 
was no evidence of a healed intimal tear. 

The heart weighed 480 grams. The right and left 
ventricles measured 0.6 and 1.6 em. in thickness 
respectively. The circumferences of the heart valve 
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Fic. 2.—The base of the heart showing the great vessels and the intramural sac of the aorta. 
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ring. were within normal limits. The leaflets of the 
mit al valve were slightly thickened and somewhat 
nod lar along the line of closure. There was slight 
fusi n of the commissures of the aortic cusps. None 
of t: ese valvular changes appeared to be functionally 
defo ming. 

Tre right and left lungs weighed 600 and 700 
graiis respectively. The bases were adherent to the 
thor:cie wall by fibrous adhesions and the apices 
were smooth except for a sing’e fibrous band attach- 
ing ‘he right apex to the ov lying cupola. Approxi- 
mately 200 ec. of clear pale-, ellow fluid were present 
in each pleural cavity. 

There was recent erosion of the mucosa of the 
esophlogus and severe chronic passive hyperemia of 
the gastrie mucosa and of the liver. The ileum re- 
vealed two approximately round ulcers of the mu- 
cosa With thickened borders and dark reddish-gray 
granular bases. Similar mucosal ulcers were found 
in the colon. The remaining findings of the autopsy 
were not remarkable. 

Microscopic Postmortem Findings. The sac had 
been formed by a separation of the media of the 
aorta so that the outer wall was composed of loose, 
young fibrous tissue containing a thin layer of elastic 
fibrils. The inner wall of the sac was composed of 
aortic media lined on one surface by intima and on 
the sac surface by young fibrous tissue covered by 
endothelium. The elastic fibrils of the inner wall of 
the sac composing the media of the aorta were ir- 
regularly, disposed and revealed minute foci of 
necrosis. The lining surface of the sac was covered 
by endothelium beneath which were a few phago- 
eytes containing brown pigment granules that were 
positive for iron stain. Several small, similar sacs, 
occasionally filled with blood, were present within 
the aortic media just proximal to the large sac. 
Microscopie sections from the thoracic and abdom- 
inal aorta revealed no changes other than those of 
moderate arteriosclerosis. 

Microscopie examination of the lungs revealed 
fibrocaseous tuberculosis, focal pulmonary fibrosis, 
and chronic pulmonary emphysema. The esophogeal 
ulcers were nonspecific and those in the ileum and 
colon were tuberculous. 

The pathologie diagnosis was dissecting aneurysm 
of the aorta with intramural aortic sac. There had 
been »erforation of this sae by a needle with hemo- 
peric: rdium and cardiac tamponade. Other pertinent 
diagnsses included hypertrophy and dilatation of 
the | vart, nondeforming endocarditis of the mitral 
and .ortie valves, fibrocaseous pulmonary tuber- 
culos’s, ulcerative tuberculous entero-colitis, and 
acut and chronic esophagitis. 


Discussion 


T e differential diagnosis of dissecting an- 
eur) m of the aorta has been discussed in 
nun -rous publications and does not merit men- 


tion here. A review of 698 cases of dissecting 
aneurysm of the aorta by one of us in a pre- 
vious report® disclosed no similar instance of 
aortic dissection that was clinically mistaken 
for a paramediastinal effusion. In retrospect 
the history was fairly typical, and the appear- 
ance of a well-defined aortic diastolic murmur 
only a few months after the patient’s heart 
had been found normal should have made one 
suspicious of the correct diagnosis. There was 
no evidence pointing to a recent inflammatory 
lesion of the aortic valve. 

Healed dissecting aneurysm of the aorta has 
been clinically mistaken for tumor of the me- 
diastinum. In the case reported by Patrick and 
Taylor’ the patient, a 32 year old white man, 
underwent an exploratory laparatomy two 
vears after the onset of intermittent epigastric 
and low left-sided chest pain, a history sug- 
gesting gastric ulcer, which was not found at 
operation. He later developed progressive dys- 
phagia and chest roentgenograms showed a 
large, nonpulsating mass which displaced the 
esophogus forward and to the left. Thoracot- 
omy was undertaken and upon incision of the 
mass marked hemorrhage occurred. Death oc- 
curred one week later, and necropsy revealed 
a large dissection filled with laminated clot ex- 
tending from the arch of the aorta to 4 em. 
below the diaphragm where a small re-entry 
foramen was found. At the proximal end of the 
dissection there was a transverse scar of the 
intima that was thought to be a healed intimal 
tear. 

Von Mollar® described the first case to be 
reported of dissection of the aorta in the ab- 
sence of rupture and of intimal tear. In Kruken- 
berg’s patient, reported in 1920,° the main 
aortic dissection communicated with the lumen 
of the aorta, but in both inferior thyroid ar- 
teries there were numerous raised cystlike nod- 
ules, within the media, filled with blood and 
very similar to the smaller lesions found in 
contiguity with the main dissection in our pa- 
tient. The third such case reported was that of 
Whitman and Stein'® in 1924, as an incidental 
finding at necropsy. There was a healed, endo- 
thelialized dissection of the aorta extending 
from the root of the aorta to within 10 em. of 
the iliac bifurcation. The sac surrounded the 
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aorta in its entirety with the exception of the 
posterior portion overlying the vertebral bodies 
and was filled with a clear, lymphlike fluid. 
There was no evidence of an intimal tear and 
the sac had evidently never communicated with 
the lumen of the aorta. 

These cases support the tenet first pro- 
pounded by Babes and Mironescu,' and later 
clarified by Erdheim,? that medial disease pre- 
cedes the intimal tear, with secondary rupture 
of the intima and forceful extension of the dis- 
section by the column of blood. In our patient 
the contents of the sac during life could not be 
ascertained because of the unique perforation, 
but there was certainly no evidence of ante- 
mortem clot. Here, too, the sac may have con- 
tained a transudate. 

The clear-cut appearance of a classical aortic 
diastolic murmur likewise supports the now 
generally accepted thought that such a mur- 
mur is due to insufficiency created at the aortic 
orifice by distortion caused by the bulging 
dissection, as opposed to the views of Letulle® 
and of Keefer and Resnik? who held that the 
diastolic murmur arose in the eddies produced 
at the lip of the intimal tear by the inflow and 
outflow of blood. 


In our patient there were signs of early con- 
gestive failure which most likely would have 
caused death at a later date. Gouley* has shown 
that when healed dissecting aneurysm produces 
aortic insufficiency, death occurs in congestive 
failure indistinguishable from that due to in- 
trinsic lesions of the aortic valve. 


SUMMARY 


A ease of chronic healed dissecting aneurysm 
of the aorta is presented in which the dissec- 
tion was limited to the media; there was no 
intimal tear, no rupture, and no area of re- 
entry. The dissection was mistaken for a para- 
mediastinal effusion, and death was due to 


‘ardiac tamponade incident to exploratory 
needle aspiration. At necropsy the needle was 
found to have penetrated the superior px ri- 
cardial reflection, the outer sac wall, the sac 
cavity, and the lumen of the aorta. 
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Primary Myosarcoma of the Heart 


Report of a Case Associated with Malignant Carcinoids and 
Pancreatic Heterotopia 


By Savu Friep.tanper, M.D., Gorpon E. Hern, M.D., and Joun C. Stemens, M.D. 


Precordial pain and pericarditis were the early manifestations of this cardiac tumor. Discovery 
of bony metastases preceded detection of a rapidly growing intrathoracic mass, erroneously con- 
sidered a bronchiogenic carcinoma invading the heart. Changing murmurs, chest pain, transient 
arrhythmia, intermittent fever, and progressive weight loss were the outstanding clinical features. 
Necroscopy revealed a primary cardiac tumor with metastases to pelvic bones, vertebrae, and 
lung, as well as malignant carcinoids and heterotopic pancreatic tissue. 


RIMARY malignant muscle tumors of 

the heart are uncommon enough to war- 

rant reporting a single case. The tumor 
in our case we have classified as a myosarcoma, 
as it is closely related to the malignant striated 
muscle tumors of the heart but less differen- 
tiated. Only eight striated muscle sarcomas 
primary in the heart have been described. 
Leach,” reporting such a case, found in the 
literature 422 primary tumors of the heart and 
pericardium, of which 89 were sarcomas of 
different types. Whether the tumor in our case 
arose from the heart or pericardium could not 
be determined with certainty, but its origin 
was most likely in the posterior left ventricular 
or auricular wall. 

Although we were fortunate in being able to 
observe the patient for nine and one-half 
months before his death, the correct clinical 
diagnosis was not made. Since the clinical and 
pathologic findings are similar in many respects 
to those of the eight striated muscle sarcomas 
of the heart which have been described, we 
have included a brief summary of each of those 
cases for comparison. 


CasE REPORT 


H P. B., a 50 year old white, clothing salesman 
entered the Veterans Administration Hospital, San 
Franciseo, on December 27, 1946, because of severe 
mid nterior chest pain. This attack of pain had 
begun two weeks before, and was accompanied by 
nausea, anorexia, and weakness. Three days before 


F.om the Departments of Medicine and Pathology, 
Veterans Administration Hospital, San Francisco 
Cali 


entry the pain increased in severity, became con- 
stant, and was aggravated by exertion, cough, or 
deep breathing. Profuse sweats had occurred for 
several nights, without chills or known fever. 

In 1942 the patient began having substernal 
chest pain, radiating to both arms and associated 
with dyspnea. The pain was brought on by exertion 
and relieved by rest or nitroglycerin. Examination 
at that time revealed loud systolic murmurs at the 
sardiac apex and base. He stopped working and had 
very little pain until the onset of the present illness. 

On admission the patient was acutely ill, anxious, 
and restless. He was pale and perspired freely. The 
temperature was 100 F., pulse rate 80, respiration 
rate 20, and blood pressure 120/60. Lung fields were 
normal, except for a few moist rales at both bases. 
The heart was not enlarged and the sounds were of 
good quality. A loud friction rub was heard to the 
left of the sternum. There were no murmurs. The 
liver was palpable 4 cm. below the right costal 
margin, but the spleen was not palpable. 

The pain was temporarily relieved by morphine. 
Although the first diagnosis was myocardial in- 
farction, it soon became evident that the patient's 
course was not that of simple infarction. There were 
many fluctuations in the clinical course, but the 
overall picture was a gradual progressive decline, 
with increasing anorexia, weakness, and loss of 
weight until his death October 14, 1947, nine and 
one-half months after admission. 

During the patient’s entire hospital stay there was 
intermittent low-grade fever and frequent night 
sweats. In mid-January, 1947, a nonproductive 
cough developed which gradually became more 
severe. The precordial friction rub noted on entry 
became very loud and persisted for two weeks. A 
friction rub reappeared eight months later, associ- 
ated with pain, but lasting only a few days. There 
was rather severe precordial pain off and on for the 
first three weeks, and after that occasional bouts of 
pain, sometimes accompanied by mild shock. Mur- 
murs developed which changed from time to time. Two 
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days after entry a presystolic murmur was heard, 
ending in a loud first mitral sound. One month later 
a loud systolic murmur had developed. This murmur 
later became less intense and then disappeared. Six 
months after entry, a systolic and diastolic murmur 
which persisted with variations in intensity was 
heard along the left sternal border. The spleen in- 
creased in size and became readily palpable. The liver 
edge remained 3 to 5 em. below the right costal 
margin. 

During the fourth month of illness, left hemiplegia 
and aphasia suddenly appeared, most likely the 
result of an embolus. These signs disappeared in two 
weeks. 


Six weeks after entry a density in the base of the 
left lung was first noted in the roentgenograms. Two 
months later there was evidence of partial collapse 
of the left lower lobe. By the eighth month of hos- 
pitalization a large mass filled the lower left side of 
the chest and displaced the left lung upward (figs. 
1 and 2). During the fourth month several metastases 
were found in the right coxal bone. Subsequent 
studies showed similar lesions in the left coxal bone 
and an osteoblastic process in the bodies of the 
twelfth dorsal and first lumbar vertebrae. 

Electrocardiographic tracings were consistently 
abnormal. The initial tracing showed low voltage 
and low or flat T waves in Leads I, II, III, aV1, 
and V; and V,. During the next two weeks the elec- 
trocardiographic changes were those of subacute 
pericarditis, with inverted T waves in Leads I and 


Fic. 1.—(Left) Roentgenogram of chest made July 7, 1947, showing a marked increase in promi- 
nence of the left border of the heart, with the outline now sharply defined. 


Fic. 2.—(Right) Roentgenogram of chest made August 26, 1947, showing displacement of the lung 
upward, the tumor mass occupying the lower two-thirds of the left pleural cavity. 
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aV, and in all the V leads (fig. 3). A transient episode 
of auricular fibrillation with a rapid ventricular ate 
occurred during the second month, lasting t!.ree 
days. After this there were minor variations in the 
electrocardiogram. The last tracing made in »ep- 
tember, one month before death, was very simil: » to 
the tracing made on admission. 

Examinations of the urine revealed no signifi ‘ant 
abnormalities. The stools showed traces of occult 
blood on several occasions, but were otherwise nor- 
mal. Blood cultures were repeatedly negative. ‘pu- 
tum examination for malignant cells was nega ive, 
The leukocyte count ranged from 9,000 to 1: ,000 
per cu. mm., with normal differential counts. On 


entry the hemoglobin concentration was 10 grams 
per 100 cc., with 3.7 million erythrocytes per cu. 
mm.; a transfusion was given at that time. The 
sedimentation rate remained elevated at 30 to 35 
mm. per hour. One month after entry the serum acid 
phosphatase level was 2.25 units and the alkaline 
phosphatase was 28.5 units (King-Armstrong). The 
alkaline phosphatase rose to 41.2 units in one 
month and later dropped to 20.7 units. The acid 
phosphatase remained below 3 units. 

With the discovery of the bony lesions i 
pelvis, the mass in the lower left side of the ches 
thought to be a carcinoma of the bronchus. To:ard 
the end the varying and unusual murmurs :Ug- 
gested that a primary lung tumor was invadin« the 
heart. 


the 
was 
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Absi act of Necropsy Findings 


T ie final anatomic diagnoses were: primary myo- 
sarema of the heart, with extension within peri- 
card al sae and adhesive pericarditis; partial sarco- 
matcus replacement of posterior surfaces of both 


two carcinoid tumors of the ileum, with carcinoid 
metastases to mesenteric lymph nodes; heterotopic 
pancreatic tissue in the jejunum. 

Thorax. A large, partially encapsulated mass, ex- 
tending from the posterior and posterolateral surface 


Fic. 3—EKlectrocardiogram made January 10, 1947. Note that the T wave in Lead I is inverted, as 


are T waves in Leads V;, Vo, V3, and V3. 


auric!2s and ventricles, with neoplastic vegetation 
on nitral valve; sarcomatous constrictian of left 
pulm nary veins; sarcomatous metastases to left 
venti cular myocardium, right lung, vertebrae, and 
hone of pelvis; myocardial failure, with right hydro- 
thorax, edema of legs, and pulmonary congestion; 


of the heart, filled the lower two-thirds of the tho- 
racic cavity on the left side, forcing the lung into 
the upper one-third (fig. 4). The tumor, which 
weighed about 2,100 grams, was composed of grayish- 
white spongy tissue with large areas of congestion, 
hemorrhage, and necrosis. 
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Heart. The estimated weight of the heart exclusive 
of the tumor was 350 grams. The pericardium was 
stretched over the surface of the mass. The right 
coronary and left circumflex arteries were normal in 
their proximal portions, but posteriorly were obliter- 
ated by the tumor. Just above the line of closure of 
the anterior mitral valve cusp was a rectangular 
mass of neoplastic tissue, measuring 3.0 by 2.5 by 
3.0 em., projecting from the left auricular wall over 
the valve opening. The mitral valve and its chordae 
tendineae were moderately thickened. Replacing a 


In the wall of the ileum were two small, firm, 
grayish-yellow nodules of neoplastic tissue, the larger 
measuring 1.0 em. in diameter. In the jejunal wall 
was a pink nodule, measuring 1 em. in diameter, 
which grossly resembled pancreatic tissue. [wo 
small, firm, grayish-yellow lymph nodes near the 
origin of the superior mesenteric artery consisted 
mainly of metastatic tumor tissue like that of the 
nodules in the ileum. 

The left kidney contained an old infaret, me: sur- 
ing 2 em. in diameter, which contained no tumor. 


Fic. 4.—(Left) Photograph of the tumor mass, left lateral view. The left lung has been compressed 
and displaced superiorly. 
Fic. 5.—(Right) Photograph showing the opened left ventricle and auricle. Note the tumor mass 
overlying the mitral valve, and tumor tissue at the upper right. The metastasis in the left ventricular 
myocardium is evident at the lower left. 


small portion of the anterior left ventricular myo- 
cardium was a metastatic nodule, measuring 3.0 by 
2.5 by 1.5 em., composed of tissue resembling that 
of the large mass. The posterior portion of the myo- 


cardium of the left ventricle, a small part of the 


posterior surface of the right ventricle, and the 
posterior aspect of both auricles were partially re- 
placed by the tumor (fig. 5). 

Other Organs. In the parenchyma of the right lung 
were three small, grayish-white nodules, metastatic 
from the tumor of the heart. The left lung, which 
was small and atelectatic, contained no neoplastic 
tissue. The hilar nodes were free of metastases. The 
spleen was enlarged, weighing 400 grams. It con- 
tained two old infarcts which showed no evidence of 
tumor. 


In the right iliac fossa was a mass, measuring 10.0 
by 5.0 by 4.0 em., composed of homogeneous soft 
tissue resembling that of the heart tumor. The tumor 
had displaced the iliacus muscle forward and was 
invading the innominate bone. The bodies of the 
twelfth thoracic and first and second lumbar ver- 
tebrae were expanded, had a gray color, and were 
sclerotic. 

The brain, liver, pancreas, adrenal glands, }ros- 
tate gland, testes, thyroid gland, trachea, esoph:gus, 
and pituitary gland showed no significant charges. 


Histopathology 


The neoplastic tissue in the myocardium and 
intrapericardial mass, lung, metastases, and }:lvic 
mass had the same general structure, with cei tam 
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vari: tions. In the portion invading the myocardium, 
the ells varied considerably in size and shape (fig. 
5, L). Most were large, oval cells with large nuclei, 
but ‘here were many small round cells with pyknotic 
nuclei. Some were stellate and resembled primitive 
mesenchymal cells. Also present were many large 
tumor giant cells, as well as small numbers of strap- 
like, elongated cells, with oval nuclei, which re- 
sembled muscle fibers but lacked transverse stria- 
tions. These in some areas formed syncytial strands, 


lung were arranged in bundles with slight whorling. 
The cells of the metastases in the pelvis and verte- 
brae resembled those of the lung metastases. Con- 
nective tissue stains revealed occasional longitudinal 
fibrils but no distinct transverse striations. 
Gastro-enteric Tract. The small mass in the jeju- 
num occupied almost the entire thickness of the 
bowel wall, being covered on one surface by mucosa 
and muscularis mucosae. It was composed of normal 
pancreatic tissue, traversed by strands of muscle. 


Fic. 6.—A, B, and C: Photomicrographs at increasing magnificatiofis of the lung metastases, 
showing the fusiform and ribbon-like cells. D: Photomicrograph of left ventricular myocardium, 
showing tumor cells invading the muscle. Note the multinucleated cells. 


with a suggestion of branching. All of the cells had 
abuidant, deeply eosinophilic cytoplasm with many 
sma‘! vacuoles. The mass above the mitral valve was 
com osed mainly of fibrin, with widely dispersed, 
spin lle-shaped, neoplastic cells. 

The cells of the metastases were much better 
(iff ventiated toward mature muscle fibers. In the 
lun., for example, the metastases were composed 
mainly of long, ribbon-like cells with elongated, oval 
nuciei, with delicate chromatin, many containing 
proiinent eosinophilic nucleoli (fig. 4, A, B, C). 
Th ve were smaller numbers of round cells, but 
i :y large tumor giant cells were present like those 
in ‘he intrapericardial mass. The tumor cells in the 


The two nodules in the ileum were composed of neo- 
plastic tissue, typical of carcinoid tumors, which 
replaced the submucosa and much of the muscle, 
extending centrally to the mucosal epithelium. The 
tumor cells were small and uniform, with round 
vesicular nuclei and a small amount of granular cyto- 
plasm with indistinct borders. The cells were closely 
grouped to form small masses around central capil- 
laries, separated by narrow fibrous strands. In one 
of the nodules in the ileum the tumor was infiltrating 
the serosa. One mesenteric node showed complete 
replacement of its normal structure by carcinoid 
tumor. 
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DiscussION 

Study of the few muscle tumors of the heart 
which have been described leaves their origin 
obscure. The association of such a tumor in 
this case with pancreatic heterotopia suggests 
that it may have arisen from a congenital rest of 
muscle, possibly in the wall of the left auricle. 
Larson and Sheppard,!' in a case more fully 
described below, found a rhabdomyoma of the 
left auricle, with sarcomatous extensions, and 
considered that the rhabdomyoma had under- 
gone malignant change. Jtinior® described a 
rhabdomyosarcoma of the heart in which all 
stages of development of cardiac muscle were 
represented, from primitive myoblasts to cells 
with distinct transverse striations. A horseshoe 
kidney was found in his case, and the author 
felt that the presence of this congenital renal 
anomaly was evidence that the heart tumor 
had arisen from a congenital rest. 

Classification of striated muscle tumors has 
been confused by disagreement on the impor- 
tance of demonstrating striations. Cappell and 
Montgomery*® divided these tumors into (1) 
those showing well defined cross striation and 
(2) those in which cross stiiation is lacking. 
They subdivide the first group into: (a) simple 
rhabdomyomas and (b) malignant rhabdomy- 
omas, showing well defined cross striations in 
at least a small proportion of cells. The second 
group consists of cells morphologically resem- 
bling myoblasts, either showing very delicate 
striations or completely devoid of striations. 
The tumor encountered in our case falls into 
the last group. 


REPORTED CASES OF STRIATED MUSCLE 
SARCOMA OF THE HEART 


The first case, reported by Bradley and Max- 


well? in 1928, occurred in a 62 year old man,: 


ill for only seven or eight weeks. The chief 
symptoms and signs were pain in the upper left 
side of the chest, swelling of the face and neck, 
fever, marked dyspnea, and anemia, with 40 
per cent hemoglobin. The heart was greatly 
enlarged roentgenologically. At autopsy, a 
tumor was found which filled the pericardial 
sac and invaded the heart muscle. There were 
metastatic nodules in the myocardium of the 
septum and left ventricle, lungs, liver, and 
kidneys. The tumor was composed of striated 


cells, giant cells, and long spindle cells with 
eosinophilic cytoplasm. The cells of the met- 
astatic nodules were better differentiated tian 
those in the primary lesion. 

Miiller,* in 1932, reported a case of rhab- 
domyosarcoma of the left auricular wall. No 
clinical information was included in the report. 
The tumor consisted of large, striated spindle 
cells of various sizes, with long nuclei. In the 
left auricle was a “‘pseudo-myxoma”’ which was 
thrombotic. There were metastases in the left 
lung, pancreas, and small bowel, as wel! as 
infarcts of the spleen, kidney, and brain. 

A primary rhabdomyosarcoma of the heart, 
appearing in a 62 year old woman, was reported 
by Barnes, Beaver, and Snell! in 1934. The 
chief symptoms were pain in the thorax and 
dyspnea on exertion. There was a pericardial 
friction rub, and the patient developed com- 
plete heart block. A metastasis to the left 
deltoid muscle was present. At autopsy, diffuse 
involvement of the right auricle and ventricle 
with tumor nodules was encountered, with 
small metastatic nodules in the lungs, mesen- 
teric lymph nodes, and adrenal glands. 

A case of rhabdomyosarcoma, occurring in a 
16 year old girl, was described by Reeves and 
Michael'® in 1936. The patient had been ill 
for only six days with dyspnea, abdominal 
pain, and marked fatigue. For the previous 
year she had complained of easy fatiguability. 
Physical examination revealed moist rales 
throughout both lung fields, pulse rate 140 per 
minute, and distant heart sounds. At autopsy, 
both auricles were almost completely replaced 
by a friable, hemorrhagic, soft, nodular tumor 
mass, which ruptured into the pericardial cav- 
ity posteriorly. It was composed of small and 
large spindle cells, with fairly numerous giant 
cells. There were no metastases. 

Larson and Sheppard," in 1938, described a 
primary tumor of the heart in a 37 year old 
woman. A polypoid tumor mass hung down 
from the left auricular lateral wall into ‘he 
left ventricle. There was a small isolated rb«b- 
domyoma in the adjacent portion of the ‘eft 
auricular wall. The tumor, which extended ‘to 
the base of the lung near the hilus, appeared 
sarcomatous in its extensions. 

A case similar to ours in certain respects ‘as 
reported by Jtinior® in 1942. When first s en 
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the patient, a 39 year old white man, had 
nul erous tumor nodules in the subcutaneous 
tissies. He soon died in coma, after a febrile 
couse With anorexia, emaciation, general weak- 
nes, and pain in the back and limbs. Autopsy 
rev-aled a polypoid, soft, »ed tumor mass in the 
left ventricular cavity, attached by a pedicle 
tot 1e anterior wall. The adjoining myocardium 
was invaded. Metastases were found in the 
subcutaneous tissues, brain, lungs, bronchial 
lymph nodes, liver, kidneys, and intestine. The 
tumor, which looked the same everywhere, was 
composed of cells in bundles and syncytial 
strands, with eosinophilic cytoplasm. There 
were many vacuolated giant cells. Many of the 
elongated cells had longitudinal striations, with 
occasional transverse striations. Coincidental 
findings were a supernumerary spleen and a 
horseshoe kidney with dilated pelves. 

Wells, Rowe, and Jaffe?’ in 1947 reported a 
myosarcoma occurring in the heart of a 15 
year old boy who had been apparently well 
until five days before death. His symptoms were 
pain in the chest, abdominal distress, fatigue, 
and difficulty in breathing. When examined, 
the patient was dyspneic and in shock, with 
weak, distant heart sounds. A diastolic apical 
murmur was heard on one examination. A 
pericardial friction rub was heard on the first 
day of illness, disappearing later. The electro- 
cardiographie findings were: rapid rate; regular 
rhythm; depressed RS-T segments in Lead II; 
upright T waves in Leads I, II, and IV; and 
inverted T wave in Lead III. Autopsy revealed 
a large, hemorrhagic, friable, pedunculated 
tumor mass attached to the area of the foramen 
ovale in the right auricle, filling the tricuspid 
orilice and right ventricle. The hemorrhagic, 
nec rotic tumor was composed mainly of spindle- 
shaped cells, with some multinucleated cells. 

|.each,!? in 1947, described a case of primary 
rhabdomyosarcoma of the heart in a 14 year 
old boy. He had been seen first in May, 1936, 
because of coughing, more severe on lying 
down, and increasing fatigue of three weeks’ 
duation. Roentgenograms revealed a bulging 
miss in the superior mediastinum. Roentgen- 
ray therapy was given for three weeks. When 
secn again in July, 1938, the patient was mori- 
bund and soon expired. At autopsy a large 
mss was found in the mediastinum, replacing 


the thymus and extending down to a short 
distance above the diaphragm. The right ven- 
tricle was filled with a polypoid tumor mass, 
composed of ribbon-like cells with eosinophilic 
cytoplasm, some with longitudinal striations. 
The heart tumor was not as well differentiated 
as the mediastinal mass. 


CoMMENT 


Although cardiac tumors produce no charac- 
teristic signs Or symptoms, such tumors have 
occasionally been correctly diagnosed. It is 
sometimes difficult to correlate the clinical and 
pathologic features. Very large intracardiac 
tumors may produce surprisingly few symp- 
toms for a long period of time. The clinical 
course is often that of cardiac decompensation, 
resulting from extensive myocardial replace- 
ment, obstruction of valve orifices, or peri- 
cardial effusion. Changing heart murmurs simi- 
lar to those in our case have been noted often. 
Pedunculated tumors sometimes drop through 
the valve and simulate valvular disease, pro- 
ducing signs which may vary with changes of 
posture. The mass over the mitral valve in our 
case did not produce this effect. Emboli from 
vegetative valve lesions may produce symp- 
toms, such as the transient hemiplegia in our 
patient. Anginal attacks result from obstruc- 
tion of the coronary arteries. Roentgenologic 
changes in the silhouette of the heart sometimes 
appear early. 

Arrhythmias are common, complete heart 
block or bundle branch block often resulting 
from invasion of the interventricular septum. 
However, even with such invasion there may 
be no alteration of rhythm from the normal. © 
Transient fibrillation such as our patient mani- 
fested has been noted before. Fishberg,® dis- 
cussing auricular fibrillation and flutter in met- 
astatic growths of the right auricle, reported 
two cases of cardiac tumors in which arrhyth- 
mia persisted, after onset, until death. In his 
third case, however, the patient developed flut- 
ter fifteen days before death, reverting to nor- 
mal rhythm in three days. Hamilton-Paterson 
and Castelden® have described a case of round- 
and-spindle-cell sarcoma of the right auricle 
in a 45 year old woman in whom auricular 
fibrillation was noted about four months before 
death. Four weeks later the rhythm returned to 
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normal, auricular fibrillation recommencing 
about a month before death. 

Pericardial effusions, recurrent and _fre- 
quently hemorrhagic, often occur in association 
with primary and secondary tumors of the heart 
or pericardium. Mahaim” has stated that hemo- 
pericardium is the most important sign of ma- 
lignant tumors of the heart and of benign and 
malignant tumors of the pericardium. 

The straplike shape of the cells of the heart 
tumor, their strongly acidophilic cytoplasm, 
the formation of syncytial strands, and the 
occurrence of large vacuolated giant cells in- 
dicate that the neoplastic cells were differen- 
tiating towards striated muscle. Longitudinal 
fibrils were seen in some cells. As in certain of 
the cases summarized above, the tissue of the 
primary neoplasm was not as well differen- 
tiated as the tissue of its metastases. 

In describing a fibrosarcoma of the heart, 
Woll and Vickery” commented that theirs was 
the first primary tumor of the heart metas- 
tasizing to the vertebrae. In our case, metas- 
tases in the bones directed attention to the 
chest, and repeated roentgenograms revealed 
a tumor mass in the lower left thorax. The 
tumor was thought to be primary in the lung, 
involving the heart, but instead, was primary 
in the heart, displacing the left lung. 


SUMMARY 


A ease is reported in which a primary myo- 
sarcoma of the heart, metastasizing to the 
right lung, ilium, and vertebrae, occurred in 
conjunction with heterotopic jejunal pancreatic 
tissue and carcinoid tumors of the ileum, the 
latter metastasizing to mesenteric nodes. The 
previously reported cases of striated muscle 
sarcomas of the heart are briefly reviewed. 
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Primary Tumor of the Pericardium Involving 
the Myocardium: Surgical Removal 


By Lew A. Hocusere, M.D., AND ALEXANDER I. Ropinson, M.D. 


A case is presented in which a primary tumor of the pericardium, with myocardial involvement, 
was discovered at the time of surgical exploration. The tumor was removed and the patient has 
remained well and active at the time of this report, eighteen months after the operation. 


RIMARY tumors of the heart and peri- 
—cardium are rare. In a series of 480,331 
autopsy subjects examined between 1938 

and 1942, collected by the American Medical 
Association, there were only eight primary 
tumors of the heart—a necropsy incidence of 
0.0017 per cent (Strauss and Merliss'). This is 
apparently a much lower incidence than is 
cited in the literature. The frequency of these 
tumors is usually given as about one in every 
8.000 or 10,000 necropsy studies or an autopsy 
incidence of about 0.012 per cent. According 
to Perlstein? the earliest recorded primary 
tumors of the heart were those reported by 
Boneti in 1700 and Morgagni in 1762. Ac- 
cording to Gottel® the first case in which a cor- 
rect antemortem diagnosis of such tumor was 
made was the one reported by Pawlowski. 
Shelburne made a similar and correct ante- 
mortem diagnosis of primary tumor of the 
heart in 1935. In 1930, Keller and Callender® 
reported the successful removal of a “neuro- 
fibroma arising on the pericardial pleura” which 
was attached to the pericardium by a broad 
base, over the course of the phrenic nerve. In 
removing this tumor a fringe of invaded lung 
tissue was also removed. The patient was well 
eighteen months after the operation. The fol- 
lowing year, Everingham® removed a primary 
endothelioma of the pericardium but the pa- 
tient died nine days after the operation. The 
first and only report of the surgical removal of 
a plimary tumor of the heart was that made by 
Bec'? in 1942. In this article Beck also reports 
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another patient from whom he successfully 
removed a cystic intrapericardial teratoma. In 
1945, Mahaim® published a review of the cases 
of primary tumors of the heart and pericar- 
dium. He was able to collect 329 tumors of the 
heart and 84 of the pericardium—making a 
total of 413 neoplasms. In the three years fol- 
lowing the publication of this report there were 
an additional 13 cases reported in the litera- 
ture. In 1915, Timme?® reported a case of cav- 
ernous hemangioma of the pericardium—one 
similar to that reported by Lefas in 1898. A 
review of the literature after 1915 reveals 2 
additional cases of cavernous hemangioma of 
the pericardium. 

We are reporting the surgical removal of a 
primary tumor of the pericardium, first be- 
cause the condition is so uncommon, second 
because this is the fifth case of a cavernous 
hemangioma of the pericardium on record and 
the first case in which such a tumor was re- 
moved surgically, and finally to point out that 
cure is possible if the patient is submitted to 
surgery before there is impairment of cardiac 
function. 


CASE REporRT 


F. S., an 8 year old girl, entered Bushwick Hos- 
pital on August 22, 1948, because of increasing 
fatigue during the previous two months. In this 
period her appetite had become poor and her interest 
in active play waned so that she preferred to remain 
inactive. The mother also noticed that the child was 
moderately dyspneic on slight exertion. 

The patient was born at full term by spontaneous 
delivery and was normal at birth. She had whooping 
cough at 18 months of age and thereafter did not 
gain weight too readily. Except for frequent upper 
respiratory infections she was apparently normal 
until about two months prior to the discovery of her 
intrathoracic condition. In June of 1948 she was 
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seen by the family physician because of an upper 
respiratory infection and tonsillitis. Upon her re- 
covery, the physician advised tonsillectomy. How- 
ever, before subjecting the child to an operation a 
routine check-up was made. Fluoroscopic examina- 
tion of the chest revealed an enlargement of the 
cardiac shadow to the right. 

On admission to the hospital it was noted that the 
child was very pale, undernourished, and somewhat 
dyspneic on moving about in bed. There were no 
visible pulsations in the neck or on the chest wall. 
The pulse in both arms was equal in rate (120 per 
minute), rhythm, and volume. The left lung ap- 
peared normal on percussion and auscultation. The 


* 


Fic. 1.—Preoperative posteroanterior roentgeno- 
gram of the chest showing an opacity along the 
right side of the heart, extending from the level of 
the first anterior rib down to the diaphragm. 


area of cardiac percussion dullness was enlarged to 
the right. There were no abnormal heart sounds 
heard. The breath sounds on the right side of the 
chest anteriorly were absent in the paracardiac 
region and essentially normal throughout the other 
areas of the right lung field. Results of the remainder 
of the physical examination was noncontributory. 
Fluoroscopic examination of the chest revealed an 
opacity in the right anterior paracardiac area which 
was intimately connected with the heart. The opaque 
area transmitted cardiac pulsations rather feebly 
and en masse. Roentgenograms of the chest in the 
posteroanterior and lateral projections revealed an 
ovoid mass to the right of the heart, in the anterior 
half of the chest, which extended downwards from 
the region of the first rib anteriorly to the diaphragm. 


The mass was intimately connected to the |:cart 
(fig. 1). The preoperative diagnosis rested between 
(1) a pericardial cyst and (2) an anterior medias ing] 
tumor the nature of which could not be determined. 

On August 24, 1948, an exploratory thoracot »my 
was performed under endotracheal anesthesia. The 
right side of the chest was opened through a pos’ ero- 
lateral approach via the periosteal bed of the resi cted 
fifth rib. After entering the thoracic cavity the ight 
lung was displaced posteriorly and a mass 1 ted 
anteriorly which projected into the right pl ural 
cavity. The growth was covered by mediastinal 
pleura. The latter was opened and the tumor ‘nass 
explored. The neoplasm covered the right sie of 
the heart and to a lesser degree enveloped the ::nte- 
rior and posterior aspects of the heart. The tumor 
extended from the region of the entrance of the «upe- 
rior vena cava into the right auricle down to the 
diaphragm anteriorly. The growth was irregularly 
firm and cystic and measured about 5 inches in its 
longest diameter. It was fused to the underlying 
right auricle and the overlying thymus was attached 
to the tumor. The mass was readily lifted off the peri- 
cardium inferiorly but superiorly and anteriorly this 
could not be accomplished. The pericardial sac was 
opened and the tumor separated from the myo- 
cardium by alternate blunt and sharp dissection. 
As the orifice of the superior vena cava was ap- 
proached it was deemed necessary to remove the 
tumor with some of the adherent myocardium. Ac- 
cordingly, the tumor was shaved off the muscle. At 
this time it was noted that the tumor masses on the 
pericardium and myocardium were really one struc- 
ture and that the neoplasm had grown through the 
pericardium. Upon separating the tumor from the 
heart some bleeding from the myocardium occurred. 
This was controlled by one suture over a piece of 
oxidized cellulose. The tumor was then everted and 
separated from the thymus. However, a fringe of 
thymus also had to be removed. As the tumor was 
being separated from the pericardium posteriorly it 
was noted that the left mediastinal reflection of 
pleura was also adherent to the tumor, necessitating 
removal of part of the pleura and opening into the 
left pleural cavity before the tumor could be freed. 
Upon removal of the tumor, the anesthetist main- 
tained anesthesia under increased pressure, thereby 
reducing the pneumothorax on the left side. A small 
rubber tube was then placed in the right pleural 
cavity, against the opening in the mediastinum, 
and exteriorized through the anterior part of the 
skin incision. The wound was then closed in layers. 
As the intercostal muscles and pleura were being: ap- 
proximated, the lung was inflated to a stat» of 
almost complete expansion. When all sutures sere 
tied and the pleural cavity sealed, the tube in the 
chest was closed off. The other tissues were ‘en 
approximated in layers. The immediate postop :ra- 
tive reaction was good. Upon the patient’s retui. to 
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METRIC 1 
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Fic. 3.—The tumor (opened) showing some of the 
cystic areas. 


Fic. 4.—Photomicrograph of a section from the tumor (magnification 48x) 
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the ward the tube in the chest was immediately 
attached to a subaqueous drainage apparatus. 

The day after the operation the patient’s tem- 
perature rose to 101 F. and remained at this level 
for the next two days. During these two days the 
child was not very dyspneic or cyanotic. A roent- 
genogram of the chest made with the patient in the 
erect position on the evening of the second post- 
operative day revealed some fluid in the right pleural 
cavity and a partial pneumothorax on the left side. 
On the third postoperative day the child was some- 
what more dyspneic than heretofore (temperature 
101 F., pulse rate 110 per minute, and respiration 
rate 46 per minute). The left pleural cavity was 
aspirated, with removal of about 60 ec. of air. The 
following day the child’s condition began to im- 
prove and the temperature, pulse rate, and respira- 
tion rate began to return to normal values. On the 
fourth day after the operation the drainage tube was 
removed. A roentgenogram on the fifth and sixth 
postoperative days (made with the child in the re- 
clining position) showed a thin layer of fluid in the 
right pleural cavity and a residual pneumothorax on 
the left side. The patient improved steadily after 
the fourth day and was discharged from the hospital 
on the thirteenth postoperative day. 

The pathologist’s report on the gross appearance 
of the tumor was as follows: ‘The specimen consists 
of an oval mass of soft tissue, 9 by 6 by 3.5 centi- 
meters. Most of the outer surface is smooth and 
shiny. Beneath the surface are visible slender and 
broad spaces containing fluid blood. Parts of the 
surface are covered with strands of light-yellow 
adipose tissue and are devoid of the delicate trans- 
parent membrane which covers the remainder of the 
specimen. The cut surfaces disclose many communi- 
cating spaces 0.1 em. to 2 em. in diameter separated 
by delicate strands of transparent membranes. In 
places, the spaces are prominent and the septa 
scanty. In other places, the septa are heavier and 
the spaces are small, or the tissue is more solid and 
the spaces are few. An occasional kernel of hard 
pale-yellow material is present within a small space 
or enveloped by the septa. Where the tissue is more 
solid, there is present also light-yellow adipose 
tissue (figs. 2 and 3). 

“On microscopic examination, various-sized spaces 


containing blood are noted, separated by delicate. 


strands of connective tissue or by broader septa of 
smooth muscle or by areas of adipose tissue. Most 
of the spaces are lined by a single row of flat cells. 
Some of those surrounded by bundles of smooth 
muscle fibers resemble large irregular veins. In 
places, the septa contain accumulations of small 
round cells and large mononuclear cells. One of the 


yellow kernels noted grossly presents a circular 
structure of pink-staining amorphous material en- 
closed in a broad band of concentric layers of hval- 
inized fibrous connective tissue. Some of the blood 
spaces contain smooth round masses of clotted blood 
traversed by strands of long, slender cells wich 
stream out from a small area of attachment to the 
lining of the blood spaces (Fig. 4). 

“Diagnosis: Hemangioma, cavernous.’ 

At the present time, eighteen months after opera- 
tion, the child is well, has been active in her scijool 
work for several months, and has not had any revur- 
rence of symptoms. Roentgenographic examination 
of the chest at monthly intervals shows no signs of 
recurrence of the disease. 


’ 


SUMMARY 


A brief review of primary cardiac and peri- 
‘ardial tumors is presented with a case report 
of a primary tumor of the pericardium in which 
instance the neoplasm was removed surgically. 
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Congenital Arteriovenous Fistulas of 


the Thoracic Wall 


By Herpert C. Maier, M.D., AnD ArtHUR PuRDy Strout, M.D. 


Arteriovenous fistulas of the thoracic wall may produce murmurs and thrills which suggest an intra- 
thoracic vascular abnormality. Congenital arteriovenous fistulas in the precordial region, the site of 
the fistula in the case here reported, may be confused with anomalies of the heart and great vessels. 
The differential diagnosis of blood vessel tumors of the chest wall is discussed. Occasionally arterio- 
venous fistulas involve both the thoracic wall and intrathoracic viscera. 


ONGENITAL arteriovenous communi- 
cations within the structures of the 
thoracic wall are uncommon. Such le- 

sions are of interest to the cardiologist, how- 
ever, since occasionally they may be confused 
with intrathoracic vascular abnormalities. 
Moreover, the pathologic process may involve 
both the chest wall and the intrathoracic vis- 
cera, either as a single or as separate lesions. 
If a congenital arteriovenous fistula in the 
precordial region causes a continuous murmur 
and thrill, the clinical features may simulate 


those of a cardiac lesion. A patent ductus 
arteriosus had been the original diagnosis in a 
case which we are reporting, but a few years 
later, when a mass was palpable in the chest 
wall, it was realized that the lesion was extra- 
cardiac. 


CasE REvort 


R. M., a woman, was 30 years old on admission 
to Lenox Hill Hospital in January 1947. Twelve 
years previously, when she was examined while 
attending college, a murmur was heard in the pre- 
cordial region and a patent ductus arteriosus was 
diagnosed. Five years later, the patient palpated a 
soft mass underlying the inner portion of the left 
breast and became conscious of occasional throbbing 
in that region. The area was slightly tender on pres- 
sure. A diagnosis of aneurysm of an intercostal or 
internal mammary artery was made by Dr. Ernst 
Boas. Operation was recommended but was not 
carri-d out at that time. 

Tie prominence of the inner portion of the left 


Fiom the Surgical Service, Lenox Hill Hospital, 
wd Department of Surgical Pathology, College of 
Physicians and Surgeons, Columbia University, New 


Yorl., N. Y. 


breast increased very slightly during the next seven 
years. The mass, which was quite inconspicuous, 
became more evident when the patient was excited. 
There had never been any cardiac symptoms. There 
was no history of trauma. 

Physical examination revealed a well developed 
and well nourished woman in apparent good health. 
There was no cyanosis or clubbing of the fingers. 
The breasts were symmetrical but there was a slight 
rounded prominence in the medial portion of the 
left breast. The overlying skin showed no discolora- 
tion. Palpation revealed a continuous thrill which 
was diminished by firm pressure at the level of the 
third intercostal space just to the left of the sternum. 
On auscultation there was heard a loud, continuous, 
rough murmur with systolic accentuation, which was 
transmitted out to the left. There were no other 
abnormal findings over the rest of the precordium. 
The blood pressure was 130/80. The remainder of 
the physical examination, including fluoroscopy, 
revealed no abnormality. There was no cardiac 
enlargement. Roentgenogram in lateral projection 
showed questionable evidence of phleboliths in the 
region of the lesion. A preoperative diagnosis of 
congenital arteriovenous fistula of the internal mam- 
mary vessels was made. Operation was performed on 
January 18, 1947. * 

An incision was made in the region of the second 
costal cartilage which was resected. The internal 
mammary vessels were exposed at this site and found 
to be several times larger than normal. The artery 
and vein were ligated and divided with resultant 
diminution in the thrill and pulsation in the upper 
mesial portion of the vascular mass. Dissection was 
then carried downward and other branches from 
the internal mammary vessels entering from the 
medial aspect were divided. One large vessel per- 
forated the intercostal muscle just lateral to the 
sternum and was ligated superficial to the intercostal 
muscle. The skin incision was extended and the 
breast, which was uninvolved, was reflected down- 
wards and laterally. The lateral portion of the 
pectoralis major muscle was thus exposed. Two 
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large pulsating vessels could be felt entering this 
muse in the axillary region. These vessels were 
abno.mally large branches of the acromiothoracic 
and :iteral thoracic arteries. After ligation of these 
yess.’ Ss, the pulsations ceased. The pectoralis major, 
whic : contained the mass of blood vessels, was then 
excis d except for the uninvolved clavicular and 
axill: ry portions. At operation the gross findings 
were nterpreted as those of a cavernous hemangioma 
of tle pectoralis major muscle. The breast was 
repla ed and sutured in position. The postoperative 
course Was uneventful. The patient was well when 
seen two years after operation and there were no 
signs of recurrence. 

Pothologic Findings. On gross serial section of the 
operitive specimen a number of thick-walled dilated 
blood! vessels were found scattered through the 
cential portion of the muscle. A microscopic section 
cut longitudinally paralleling the fibers of the muscle 
showed a group of arteries and veins. The arteries 
were conventional in the arrangement of muscle and 
elastic tissue save for the occasional thickening 
of the subintimal tissues and interruption of 
the internal elastic lamina by fibrosis. The veins 
were for the most part thick walled and fibrous— 
similar in structure to varicose veins. There was one 
unusual feature: although the muscularis was not 
hypertrophic and did not have the appearance of 
arterial muscle, there was in places an internal 
elastic lamina which had some resemblance to the 
arterial type. This was found at one part of a long 
tortuous vein and was absent at the other. The two 
parts were joined by a very narrow communication. 
The appearance suggested a fistulous communica- 
tion (fig. 1). In another area, two thick-walled veins 
were shown with a marked proliferation of capil- 
laries, arterioles, and venules between them (fig. 2). 
The whole picture suggested the formation of fistu- 
lous communications between arteries and veins 
with some tendency for the elastic tissue of one vein 
to approximate the appearance of the internal elastic 
lamina of an artery. There had also occurred a 
tumor-like proliferation of capillaries, venules, and 
arterioles—a phenomenon which has been noted in 
other cases of congenital arteriovenous fistulas. 


DISCUSSION 


At the time of operation a diagnosis of 
‘avernous hemangioma of the pectoralis major 
mus ‘le was made. On microscopic examination 
of tle lesion this diagnosis was proved to be in- 


Fic. 1.—(Upper illustration) Low-power photomicrograph made through the pectoralis major 
muscle, fibers of which are shown above and below. Between them are the large vessels; the rounded 
ones are arteries cut in cross section and the longitudinal ones are thick-walled veins. Near the 
right-hand end a large vein communicates by an exceedingly narrow lumen with a larger vessel 
which is venous in aspect but has an incompletely developed internal elastic lamina. 

Fic. 2.—(Lower illustration) Low-power photomicrograph showing two thick-walled veins and 
between them a massive circumscribed proliferation of capillaries, venules, and arterioles. 


correct. A cavernous hemangioma is a vascular 
tumor composed of blood vessels of the order 
of capillaries enlarged into cavernous spaces 
filled with blood. No such formations were 
seen in our specimen. The possibility of cirsoid 
aneurysm and venous racemose aneurysm may 
both be excluded as well. The former is com- 
posed exclusively of a congeries of vessels of the 
order of arteries and the latter exclusively of 
veins. In our case a congeries of large vessels 
was present but both arteries and veins were 
represented with probable fistulous communi- 
cations between them. In addition there was a 
proliferative conglomeration of small vessels in- 
cluding capillaries, arterioles, and venules. 

An arteriovenous fistula may occur in various 
structures of the chest wall. Often more than 
one tissue is involved. If the vascular mass lies 
within a skeletal muscle, differentiation be- 
tween cavernous hemangioma of muscle and 
arteriovenous fistula may not be apparent on 
gross inspection. 

Hemangiomas of skeletal muscle are rela- 
tively uncommon and muscles of the trunk are 
rarely involved. Shallow and his associates? 
collected 335 cases of hemangioma of striated 
muscle from the literature. In this group there 
were only 63 cases in which the muscles of the 
trunk were involved and 39 of these hemangio- 
mas occurred in the chest wall. Hemangiomas 
are most common in the muscles on the pos- 
terior aspect of the thorax. Only 6 cases of 
hemangioma of the pectoralis major muscle 
have been reported. In 2 of these the adjacent 
muscles and skin were involved. 

Acquired arteriovenous fistulas, chiefly as the 
result of a penetrating wound, are far more 
common than congenital lesions. Occasionally 
it is not possible to differentiate between those 
of congenital and those of traumatic origin, 
especially in cases of nonpenetrating injuries. 
An arteriovenous communication is rarely es- 
tablished through erosion of the blood vessels 
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by an inflammatory or neoplastic process. The 
infrequency of traumatic arteriovenous fistula 
of the chest wall as compared with traumatic 
intrathoracic arteriovenous communications is 
indicated by Schumacker’s statisties.* Of 354 
traumatic arteriovenous fistulas and arterial 
aneurysms only a single one involved a vessel 
of the chest wall; this was an arteriovenous 
fistula of the internal mammary artery. Neo- 
plasms involving the chest wall, especially the 
sternum, may occasionally manifest consider- 
able pulsation and thus be confused with aneu- 
rysms and arteriovenous fistulas. Metastatic 
carcinoma of the thyroid gland and hyper- 
nephroma are the neoplasms most likely to 
present such a clinical picture. Marked vascu- 
larity of the tumor mass usually accounts for 
the pulsation. When a tumor or inflammatory 
process causes destruction of the sternum, a 
pulsation may be transmitted from the large 
underlying vascular structures in the medi- 
astinum. 

Since intrathoracic aneurysms with projec- 
tion into or through the chest wall are more 
common than pulsating vascular masses arising 
in the thoracic parietes, aneurysm of the aorta 
or of other large vessels is usually to be con- 
sidered first in the diagnosis. Fluoroscopy and 
angiocardiography may be of great aid in the 
differential diagnosis. 

Arteriovenous communications in the deeper 
layers of the chest wall may cause notching of 
the lower borders of the ribs such as is usually 
associated with coarctation of the aorta. Similar 
rib notching resulting from the collateral circu- 
lation has been observed in a case of tetralogy 
of Fallot without coarctation of the aorta. 

Arteriovenous fistulas of the thoracic wall 
may be confused with intrapulmonary arterio- 
venous fistulas. Most patients with the latter 
lesion also have small hemangiomas in the skin 
and mucous membranes. The characteristic 
features of a pulmonary arteriovenous fistula 
are cyanosis and polycythemia associated with 
roentgen-ray evidence of one or more lesions in 


the lungs. Cyanosis and polycythemia are oec- 
casionally absent. A continuous murmur may 
be heard over the area of the lesion in the lung. 
Angiocardiography establishes the diagnosis, 
Surgical removal of the involved portion o' the 
lung cures the pulmonary lesion.” Clagett and 
Burchell! reported a case of pulmonary artrio- 
venous fistula of the right middle lobe assogj- 
ated with marked enlargement of the int: rna] 
mammary artery and veins. Owing to the large 
quantity of blood which entered the lung | rom 
the vessels in the thoracic wall, the lobe became 
more and more congested as the hilar struci ures 
were ligated during operation. Separation o/ the 
lobe from the chest wall was accompanied by 
severe bleeding. One of us has observed : pa- 
tient with arteriovenous fistulas in the chest 
wall on one side and apparently an arterio- 
venous fistula in the lung on the other side 
‘ausing hemoptysis. This patient also had 
notching of the ribs on the side of the arterio- 
venous communication in the chest wall. 


SUMMARY 


Congenital arteriovenous fistulas in the 
thoracic wall may simulate intrathoracic vascu- 
lar lesions. A case of arteriovenous fistula in the 
precordial region which originally presented 
physical signs suggestive of patent ductus 
arteriosus is reported. The lesion was success- 
fully removed by operation. 
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Diverticulum of the Pericardium 


By Lours Faueeres Brsuop, Jr., M.D., Paut A. Kirscuner, M.D., AND THEODORE Prssar, M.D 


A case of true diverticulum of the pericardium is reported, with a review oi the literature. A 
cure was effected by excision of the cystic pericardial diverticulum. Consideration of the etiol- 
ogy of true pericardial diverticulum is given, and possible explanation for accumulation of the 


fluid is suggested. 


E ARE reporting a case of pericardial 

diverticulum, as much for a consider- 

ation of its cause as for additional 
documentation of this rare condition. 

In the American literature, Mazer’ was 
the first to report an instance of true pericardial 
diverticulum proved by operation or autopsy. 
Cushing? collected the published reports of 39 
cases, adding one of his own, and Reitan* 
(quoted by Haas*), enumerated 55. Specifically, 
Cushing? failed to differentiate true from false 
diverticula, or to mention embryologic back- 
ground; his own case was apparently of an 
inflammatory nature. Reitan,’ on the other 
hand, grouped his cases into acquired and con- 
genital. types, the former being encapsulated 
pericardial exudates, while the latter (the mi- 
nority) were noninflammatory or true diver- 
ticula. Mazer! recognized the same distribution 
in the literature up to that time. Our case, 
in its essential features, fits into the category 
of true pericardial diverticula. 


Case REportT 


A 26 year old tugboat hand was admitted to the 
Veterans Administration Hospital, Bronx, N. Y., on 
March 26, 1948, because of easy fatiguability of five 
montlis’ duration, and a recent history of pain in 
hoth tanks. The pain was dull in character. Originat- 
ing in the costovertebral regions, it radiated an- 
terio: ly, in girdle fashion, about the lower chest on 
hoth sides to the midepigastrium. Pain first occurred 
in th. early morning, approximately two weeks before 
hos} ‘alization, and lasted half an hour, disappear- 
ing -pontaneously. It had occurred on three suc- 
cessie mornings after its onset, with no further re- 


fom the Veterans Administration Hospital, 
Brox, N. Y. 

P iblished with the permission of the Chief Medi- 
cal | ireetor, Department of Medicine -and Surgery, 
Vet: rans Administration, who assumes no responsi- 
bili‘. for the opinions expressed or conclusions 
dra n by the authors. 


currence. The patient had been doing heavy labor 
up to the time of admission without undue distress. 

At the time of the onset of the pain, the patient 
went to a clinic where x-ray examination of the chest 
was made. He was told that he had “a swelling on 
his heart,’”’ and hospitalization was advised. 

The past history indicated that he had suffered 
an attack of acute polyarthritis at the age of 13 years, 
which had necessitated absolute bed rest for a period 
of three months. A year following this episode, he 
was told that he had a “heart murmur.”’ He passed 
the Army physical examination in 1943, and sub- 
sequently had had several careful physical examina- 
tions for the Paratroopers and Rangers, with no ab- 
normality noted. 

On admission to the Veterans Administration 
Hospital, physical examination failed to reveal any 
physical abnormality. Laboratory studies included a 
Kahn test, complete blood count, determination of 
blood sedimentation rate, and urinalysis. Results of 
none of these studies indicated any abnormality. An 
electrocardiogram made on admission also showed 
no abnormality. The x-ray and fluoroscopic study of 
the chest revealed the heart to be enlarged in the 
transverse diameter. There was a localized bulge in 
the region of the left ventricle, which appeared to 
move independently of the left ventricle (fig. 1). The 
localized bulge seemed to be cystic in nature, chang- 
ing its configuration on inspiration. The apparently 
localized cystic lesion seemed to be adherent to the 
left ventricular wall. Angiocardiogram failed to re- 
veal opacification of the mass (fig. 2). 

Clinical Course. The patient was admitted to the 
Cardiac Service, and a tentative diagnosis of peri- 
cardial cyst was made. He was asymptomatic, ex- 
cept for occasional vague pain on the left side of 
the chest. 

He was transferred to the Chest Surgical Service. 
On April 30, 1948, a left intercostal thoracotomy was 
accomplished, and a cystic mass measuring ap- 
proximately 2 inches in its greatest diameter was 
found. The mass was covered by a layer of parietal 
pleura. When dissected free down to its base, it was 
found to communicate with the pericardium by 
means of a narrow neck measuring approximately 
2 to 3 mm. in diameter. The cyst contained clear, 
watery fluid. It was easily separated from the peri- 
cardium down to its neck, where it was divided, at 
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Fic. 1.—Esophagram (anteroposterior view) made 
on March 26, 1948, shows a localized bulge in the 
region of the left ventricle. 


Fic. 2.—Angiocardiogram (anteroposterior view) 
made on March 31, 1948, reveals nonopacification 
of a mass adjacent to the left ventricular wall. 


* THE PERICARDIUM 


which point its attachment to the pericardium was 
demonstrated. The cystic diverticulum was then ex- 
cised. 

The postoperative course was uneventful. In- 
mediately following operation, the electroea:dio- 
gram showed an inverted T wave in Lead CF,; 
tracing made on May 11, 1948, showed reve sion 
of the T wave in Lead CF, to normal. Postoper:tive 
x-ray examination on May 3, 1948, revealed a normal 
cardiae contour, and the oval density was no longer 
discernible (fig. 3). 


‘ 


Fic. 3.—Postoperative roentgenogram of chest 
(anteroposterior view) made on May 3, 1948, shows 
normal cardiovascular silhouette. The cyst, pre- 
viously apparent, is no longer visible. 


Pathologic Report. The specimen consisted of a 
collapsed cystic structure which measured 8 by 4.5 
by 1 centimeters. The external surface was light 
pinkish-gray, smooth, and glistening. There w:s a 
small defect in the wall of the cavity which measured 
0.3 centimeter. On section, a collapsed cavity was 
found lined by smooth, glistening membrane. The 
microscopic diagnosis was “pericardial cyst.” 


DIscussION 


In the light of our case, it is interesting to 
consider the nature of the origin of true p:ri- 
cardial diverticulum. Lambert® clearly }or- 
trayed the nature of ‘thin-walled thor: cic 
cysts,”’ which he showed to be related to fai! 're 
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of coalescence of the primitive lacunae of the 
pericardial anlage. Unequal development and 
partil coalescence result in diverticulum 
formition. As none of the cases cited (Mazer,! 
Cushing,? Haas,’ Reitan,t and Abbott®) have 
been observed in early life, we must assume 
that pericardial diverticula exist either in a 
collapsed state or in similar nondetectable form, 
or as a congenital weakness of the pericardium 
(Hass*), and that in either instance there is 
added an incident factor of pericardial disten- 
tion by fluid. Roesler? mentions increased in- 
trapericardial pressure caused by hydroperi- 
cardium, or by an enlarged heart, as a universal 
accompaniment. Other bodily abnormalities 
(such as inguinal hernia and colonie diverticu- 
lum) have comparable modes of origin. 

The occurrence of an embryologic rest, which 
later in life secretes fluid and undergoes cyst 
formation, is well known; if this structure com- 


municates with a normal absorptive surface, 
such as the pericardium, the fluid should never 
accumulate. Mechanical kinking of the isthmus 


with valve mechanism can result in distention 


of the diverticulum, the fluid being formed 
from its own membrane; or normal pericardial 
fluid may be squeezed into it by the massaging 
action of the heart beat. 


SUMMARY 


A case of true diverticulum of the peri- 
cardium is reported, with a review of the litera- 
ture. A cure was effected by excision of the 
cystic pericardial diverticulum. 
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Studies of Tissue Response to Injections 
of knzymes 


I. The Development of Subcutaneous “Nodules”’ Following 
a Single Subcutaneous Injection of Trypsin 


By SamveEt THEODORE ScHLAMowiTz, M.D., anp ArrHuR C. DeGrarr, M.D. 


Until recently, localized tissue trauma was considered the prime factor in the production of sub- 
cutaneous nodules in rheumatic subjects. The possibility that these lesions were ‘‘manifestations 
of the uninhibited action of proteinases on mesenchymal tissue”’ has its basis on the presence in 
human and animal sera of a proteolytic enzyme system similar to trypsin. The occurrence of sub- 


‘ 


cutaneous 
port to this thesis. 


REWITT' hypothesized that trauma, 
presumably mechanical, was involved 
in the production of subcutaneous nod- 

ules in patients with rheumatic fever. Attention 
was focused on this concept by the studies of 
Massell, Mote and Jones.? These investigators 
artificially induced subcutaneous nodules in pa- 
tients with rheumatic fever by means of the 
combination of subcutaneous injection of the 
patient’s own blood and localized pressure. It 
was the opinion of these authors that tissue 
injury of sufficient extent was of primary im- 
portance in the production of the subcutaneous 
nodule. Although cognizant that the inoculant 
per se may have some specific stimulating effect 
in the production of the nodules, they did not 
establish this fact. 

A new concept regarding the production of 
subcutaneous nodules was introduced by Mir- 
sky.* He successfully induced such nodules in 
rheumatic fever subjects by means of a single 
subcutaneous inoculation of crude or crystalline 
trypsin. He postulated that these lesions and 
other stigmata of rheumatic fever were a “man- 
ifestation of the uninhibited action of protein- 
ases on mesenchymal tissue.” 

Mirsky’s observations stimulated the present 
study, which was undertaken to ascertain 
whether a single subcutaneous injection of a 
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‘nodules” following a single subcutaneous injection of trypsin would seem to lend sup- 


proteolytic enzyme in rabbits would result in 
“nodule” formation at the injection site, and 
whether any visceral lesions might also develop. 


MATERIALS 


This report is part of a study based on 122 young 
albino rabbits which received a single subcutaneous 
injection of a solution of one of the test substances, 
and which were subsequently examined macroscopi- 
cally, microscopically? and chemically.® 

Forty-four rabbits received crude or crystalline 
trypsin, 34 were untreated; the remaining 44 rabbits 
were divided into groups, the members of which re- 
ceived either saline, casein, crystalline bovine serum 
albumin, crystalline chymotrypsin, or crystalline 
lysozyme. The animals ranged in weight from 1.6 to 
2.2 kilograms. They were purchased from Rockland 
Farms and maintained under standard laboratory 
conditions on Purina Chow. None of the animals 
in this series exhibited any clinical evidence of 
snuffles, ear canker, diarrhea, or cutaneous infection. 
The rabbits were examined daily. They were sacri- 
ficed by air embolism at specified intervals which 
varied from one to thirty days after the single sub- 
cutaneous inoculation. Postmortem examination was 
immediately performed, and various tissues «and 
viscera, including the injection sites and hearts, were 
prepared for histologic and chemical studies.* 


METHODS 


Measurement of the ‘“Nodules.”’ The plantar as}:ect 
of the hind legs, including the area of the “nodul:s,” 
was shaved daily with a no. 2 Oster small-ani:nal 
clippers. All measurements were performed duily 
with a vernier caliper graduated in millimeters. ‘he 
“nodules” were measured along three perpendic: lar 
axes: a longitudinal, mediolateral, and dorsoplan' ir. 
The boundaries of the ‘‘nodules” were invariabl\ so 
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sharply defined that there was no doubt where to 
apply the calipers. 

Prevaration of Solutions. Nine-tenths per cent 
odiun: chloride with an initial pH 5.6 was adjusted 
toa pH 7.8 by the addition of 190 mg. disodium 
hydrozen phosphate (NasHPO,-12H.O) per 100 
nillili‘ers. With this adjusted solvent the test sub- 
stances were prepared as | per cent solutions. These 
solutions were brought to pH 7.4 by the addition of 
either dipotassium hydrogen phosphate (K,HPO,) 
or potassium dihydrogen phosphate (KH,PQ,), as 
required. All solutions were sterilized by filtration 
through a Seitz filter, and completely utilized within 
one hour. The test substances employed in this study 
ata 1 per cent concentration were crystalline trypsin, 
crystalline chymotrypsin, crystalline lysozyme, crys- 
talline bovine serum albumin, and casein. Crude 
trypsin solution was similarly prepared, except that 
a concentration of 4.2 per cent was employed instead 
of 1.0 per cent. 

Enzyme Activity. Enzymatic activity of the tryp- 
sin and chymotrypsin preparation was determined 
by means of the Anson-Mirsky method.* It was 
found that the 1.0 per cent crystalline trypsin and 
4.2 per cent crude trypsin solutions were of approxi- 
mately equal enzymatic activity. Seitz filtration had 
no significant effect on the enzyme activity. 


PROCEDURE AND RESULTS 


In a series of 13 rabbits, a single dose of 1.0 
ml. of 4.2 per cent crude trypsin solution (con- 
taining 42 mg. of crude trypsin per ml.) was 
subcutaneously inoculated into a shaved area 
of the plantar surface of the hind legs, which is 
analogous to the human heel region. Follow- 
ing a lapse of four to seven days, there appeared 
at each of the injection sites a distinct, firm, 
nontender elevated mass (fig. 1), which progres- 
sively increased in size to reach its maximum 
in fourteen to eighteen days, and then slowly 
regressed. However, at the end of the thirty-day 
period, the firm, discrete, elevated mass was 
still present. There was never any erythema, 
tenderness, fluctuation, eschar, necrosis, slough, 
breakdown, or a fixation to the underlying 
tissue associated with the course of the develop- 
meni of the subcutaneous mass. 

T. ascertain whether the observations noted 
With the crude trypsin could be the result of a 
fore zn protein reaction, or the irritative effect 
of tie daily shaving, members of one group of 
8 animals were subcutaneously given a single 
inje-tion of 1 ml. of 1 per cent solution of pure 
casi in, members of another group of 10 rabbits 


were subcutaneously inoculated with 1 ml. of 
1 per cent crystalline bovine serum albumin 
solution,* and members of a third series of 34 
animals were simply shaved daily for thirty 
days at the site where the other rabbits re- 
ceived the test substances. In both the casein 
and bovine serum albumin inoculated groups, 
following a short period (eighteen to twenty- 
four hours) of transitory edema, the injection 
sites appeared and remained normal through- 
out the experimental period. In the untreated 
group, the sites which were shaved daily ex- 
hibited no visible or palpable alteration from 
the normal (table 1). 

To decide whether the previously described 
local lesions could be attributed to the enzy- 
matic activity of the preparation, members of a 
group of 11 rabbits were subcutaneously inocu- 
lated with a single dose of 1 ml. of 4.2 per cent 
inactivated crude trypsin solution. Inactivation 
was accomplished by maintaining the solution 
in a water bath at 70° C. for two and a half 
hours. Although the enzymatic activity of the 
preparation was completely destroyed, as de- 
termined by the Anson-Mirsky method,*® no 
physical change was visible in the solution. 
As was the case in the groups treated with 
casein and bovine serum albumin, and in the 
untreated groups, no visible or palpable altera- 
tion of the tissue occurred at the injection 
sites (table 1). 

To determine whether the impurities in the 
crude trypsin preparation played any part in 
the production of the previously described le- 
sions, members of a group of 12 rabbits were 
subcutaneously ihoculated with 1 ml. of 1 per 
cent solution of twice-crystallized trypsin.t 
Such a solution actually contains only 5 mg. 
per ml. of enzyme, since 50 per cent of the 
twice-crystallized trypsin preparation is made 
up of magnesium sulfate. Members of another 
group of 8 rabbits were subcutaneously inocu- 
lated with a single injection of 1 ml. of 1 per 
cent heat-inactivated crystalline trypsin solu- 
tion. Enzymatic inactivation of this crystalline 


*This material was graciously donated by Dr. Max 
Schlamowitz, Department of Biochemistry, Univer- 
sity of California, Berkeley, Calif. 

tA portion of this material was graciously donated 
by Armour & Co., Chicago, Il. 
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TaBLe 1.—Relationship between Occurrence, Size of “‘Nodules,”’ and Time Interval after a Single Subcut neous 
Inoculation of Test Substances 


| ‘ Days Postinoculation 
| Rabbit Fs — 
Number 

0.75 - 9 12 14 


Inoculant 


Crude trypsin | 749 0 

783 

747 

763 

748 

750 

762 

685 

648 

730 

720 

679 

693 

Crystalline trypsin | #2 
31 

35 

9 

19 

15 

99 


8 
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| 
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1. Inactivated crystal- 
line trypsin 

2. Crystalline bovine 
serum albumin 

3. Crystalline chymo- 
trypsin 

4. Crystalline lysozyme 

5. Casein 

6. Saline 





Measurements (mm. 








Width x Height Length x Width 








1 
3 
6 
8 
12 


or over* 


2+ 
3+ ¢ 9 
4+ 12 12 


ok NN eK © 


* Maximum nodule size observed 20 x 18 x 7. 
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trypsi?. preparation was accomplished by main- 
taininy. the solution at 70°C. for one and one 
half hours. No alteration of the physical ap- 
pearare Of the solution was noted. Following 
alaps: of four days there occurred, only in the 
group vhich received the active crystalline tryp- 
sin, ti sue alteration of the type previously 
descri!.ed (fig. 1, table 1) for the active crude 
trypsiii. 

It «ould seem that a causal relationship 
exists between the occurrence of the previously 
deseried firm, discrete subcutaneous masses 
fig. 1) and the subcutaneous injection of either 


Fisner Scientisic C 


this proteolytic enzyme or could occur with 
other enzymes, members of a group of 8 rabbits 
were subcutaneously injected with 1 ml. cf 1 
per cent solution of crystalline chymotrypsin. 
This, like trypsin, is a proteolytic enzyme, 
pancreatic in origin. Members of another group 
of 8 rabbits were subcutaneously injected with 
1 ml. of 1 per cent solution of lysozyme, a 
carbohydrase. The fact that neither chymo- 
trypsin, the proteolytic enzyme, nor lysozyme, 
the carbohydrase, caused any visible or palp- 
able tissue alteration at the injection sites dur- 
ing the experimental period would indicate that 


© Ban 


Fic. 1.—Subeutaneous ‘‘nodules”’ on the plantar aspect of the hind legs of Rabbit 720 which 
occurred at the site of injection of 1 ml. of 4.2 per cent crude trypsin. These ‘‘nodules’”’ had, by the 
eighteenth postinoculation day, attained their maximum size. 


crude or crystalline trypsin. However, to verify 
this fuct, further studies were required. 

To learn what effect the introduction of 
saline buffered with phosphate to pH 5.00 
mighi have, members of a group of 10 rabbits 
Were subcutaneously inoculated with 1 ml. of 
this solution. As with the casein, bovine serum 
albuniin, heat-inactivated crude trypsin and 
heat-nactivated crystalline trypsin, respec- 
tively. the injection sites did not exhibit any 
visib'» and/or palpable alteration from the nor- 
mal able 1). 

In in attempt to answer the question as to 
Whet .er the results obtained with ‘crude and 
cryst:lline trypsin were specifically related to 


the occurrence of the subcutaneous “nodules” 
seems specifically’ related to trypsin. 
DIscussION 

The development of subcutaneous masses 
which were firm, discrete, nontender, nonfluc- 
tuant, not adherent to the underlying tissue, 
nor associated with necrosis, eschar, or ery- 
thema, in only those animals which were inocu- 
lated with active trypsin, crude or crystalline, 
focused our attention on several interesting 
facts. 

The first and foremost of these facts con- 
cerns the role of mechanical trauma in the 
production of the subcutaneous masses. The 
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concept that mechanical tissue trauma plays a 
primary role in the production of subcutaneous 
nodules, as postulated by Drewitt,'! and later 
by Massell, Mote, and Jones,” does not seem to 
be borne out in this study. This is suggested 
by the fact that those animals which did not 
develop ‘nodules,’ namely, those which re- 
ceived inactivated crude or crystalline trypsin, 
‘asein, crystalline bovine serum albumin, crys- 
talline chymotrypsin, crystalline lysozyme, 
and saline pH 5.00, were for all practical pur- 
poses subjected to the same type and degree of 
mechanical trauma as were the rabbits which 
received the active proteolytic enzyme. The 
observed results emphasize the probability of 
a specific stimulating effect of trypsin. Although 
Massell, Mote and Jones? were fully cognizant 
of the possible stimulating effect of their inoc- 
ulant (whole blood), they did not pursue this 
lead. In fact, the occurrence of subcutaneous 
“nodules” in a mesenchymal rich area, follow- 
ing the subcutaneous injection of only active 
crude and active crystalline trypsin, would 
seem to conform to Mirsky’s* concept regard- 
ing the production of these lesions. Mirsky* 
was of the opinion that his studies supported 
the hypothesis that the lesions in rheumatic 
fever were the result of the “uninhibited action 
of proteinases on mesenchymal tissue.” Al- 
though Mirsky’s concept regarding the produc- 
tion of specific lesions was new, the basic fact 
upon which his concept is based, namely, the 
presence of serum and tissue proteolytic en- 
zymes in man and animals, can be traced back 
to 1893 to the studies of Dastre.’ Since then, 
the presence in human and animal sera of a 
proteolytic enzyme analogous to that of the 
pancreas has been repeatedly substanti- 
ated.§* 

However, the question as to whether enzy- 
matic activity per se in a mesenchymal-rich 
area free of any mechanical trauma would 
result in “nodule” formation has yet to be 
determined. Such studies are now in progress. 

The failure of subcutaneous “nodules” to 
arise at the sites of inoculation of the inacti- 
vated crude and crystalline trypsin, bovine 
serum albumin, casein, or at the sites shaved 
daily in the untreated group brings forth the 
fact that the occurrence of subcutaneous “‘nod- 

























































































































































































































































































TISSUE RESPONSE TO INJECTIONS OF ENZYMES 


ules” seems primarily due to the enzymatic 
activity of the proteolytic enzyme, and noi due 
to either a foreign protein reaction or the irrj- 
tative effect of daily shaving. 

The fact that subcutaneous “‘nodules’’ did 
not occur following the injection of ch) mo- 
trypsin, which is also a pancreatic proteolytic 
enzyme, and lysozyme, which is a earbohy- 
drase, seems to point to the specificity of | yp: 
sin. 


SUMMARY AND CONCLUSION 


1. A single subcutaneous inoculation of 1.0 
ml. of 4.2 per cent solution of crude trypsin 
into the plantar surface of the hind legs of 
rabbits resulted after four to seven days in the 
occurrence of elevated, firm, discrete, nonten- 
der masses. There never was any erythema, 
tenderness, necrosis, slough, fluctuation, or 
breakdown associated with these masses. 

2. Similar results were obtained with a single 
subcutaneous injection of 1 ml. of 1 per cent 
solution of active crystalline trypsin. 

3. Subcutaneous injection of a single dose of 
either heat-inactivated crude or crystalline 
trypsin failed to produce any visible or palpable 
tissue alterations at the injection sites. 

4. No visible or palpable alteration of the 
tissue at the injection sites occurred following 
the introduction of either buffered saline (pH 
5.00), casein, or crystalline bovine serum al- 
bumin. 

5. The subcutaneous injection of 1 ml. of 1 
per cent solution of either crystalline chymo- 
trypsin or crystalline lysozyme did not give 
rise to any visible or palpable alteration of the 
tissue from the normal at the injection sites. 

6. From the results observed, it would seem 
that the occurrence of the subcutaneous masses 
are somehow specifically related to the enzy- 
matic action of the proteolytic enzyme, tryp- 
sin. 
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Studies of Tissue Response to Injections 
of Enzymes 


II. Changes in Rabbit Plasma and Tissue Hexosamine 
Induced by a Single Subcutaneous 


Injection of Trypsin 


By SAMUEL THEODORE ScHLAMOWwITz, M.D., ArtHUR C. DeGrarr, M.D., AND 
MAXWELL SCHUBERT, PH.D. 


Hexosamine-containing polysaccharides have been demonstrated in plasma and various tissues in 
cluding skin, cartilage and heart. Plasma hexosamine elevations have been observed in rheumati: 
fever, sterile infarcts and tuberculosis. It is possible that plasma polysaccharide changes reflect al 
terations of tissue polysaccharides. Thirty-six hours following a single subcutaneous injection o| 
trypsin, a significant elevation of tissue hexosamine occurred at the injection sites. This appeared 
long before any visible or palpable change. The tissue hexosamine paralleled the developmental! 
course of the ‘‘nodules.’”’ These findings appear specifically related to trypsin, since they failed to 


occur with other enzymes or test substances. 


LASMA and tissue hexosamine has 

been studied by a large number of in- 

vestigators from several points of view. 
Their work has been recently reviewed by 
Meyer! and by Stacey.” 

The combined studies of many of these in- 
vestigators, '~* particularly those of Riming- 
ton,*-7 Hewitt,> and Sorenson and Haugaard,’ 
seem to indicate that the plasma polysaccharide 
consists of mannose, galactose, and glucosa- 
mine. The clinical significance of the study of 
the plasma polysaccharide becomes evident when 
one recalls that heparin, the blood group sub- 
stances, and some antibodies contain glucosa- 
mine.':?:!° The demonstration of elevated 
plasma polysaccharide content in such condi- 
tions as pneumonia, tuberculosis, rheumatic 
fever, malignancy, and _ sterile infarcts!'!-' 
emphasizes the importance of the study of 
plasma polysaccharides. 

Hexosamine-containing polysaccharides are 
not limited to the plasma, for they have been 
shown to be present in the cornea,”® skin and 
cartilage,’ *! tendon, sclera, aorta, vitreous 


From the Department of Therapeutics, New York 
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humor, synovial fluid, ciliary body, iris, and 
gastric mucosa.!?: 2°-%8 

That the alterations of plasma_ polysae- 
charides in disease may reflect alterations of 
the tissue polysaccharides is a possibility which 
is to be considered even though it is known that 
the tissue polysaccharides are different from 
the plasma polysaccharides. These polysac- 
charides differ from each other in the following 
ways: (a) tissue polysaccharides contain glu- 
curonic acid, and either glucosamine or galac- 
tosamine, (b) plasma polysaccharides contain 
glucosamine, and neither galactosamine nor 
glucuronic acid, except for the glucuronic acid 
which comes from the relatively small amount 
of heparin present in the blood. 

These facts together with the observation of 
visible tissue alterations following the single 
subcutaneous inoculation of the proteolytic 
enzyme, trypsin," prompted this study. The 
present investigation was undertaken tv as- 
certain the distribution of hexosamine in the 
various tissues of the normal rabbit anc the 
alterations which occurred following the single 
subcutaneous injection of the proteolytic en- 
zyme, trypsin, and the other test subst:nces 
such as chymotrypsin, lysozyme, bovine s:rum 
albumin, casein, and saline (pH 5.0). 
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MATERIALS AND METHODS 


Th. materials and animals which were em- 
ploye | in the preceding study* were also used 
for this work. Methods were as follows: 

[. Jetermination of tissue hexosamine on 
wet-\cight basis: Tissue hexosamine was de- 
term! ied by a modification of the method de- 
veloped by Schloss®* for the determination of 
plasiua hexosamine and was carried out as 
follows: 

(a) Approximately 500 mg. of each of the 
various tissues which were excised from each 
anim:al (table 1) were weighed. 

(b) Assuming that water comprises 80 per 
cent of the tissue weight, sufficient distilled 
water (approximately 0.6 ml.) was added to 
make up a total volume of 1.0 ml. of water, 
and then 1.0 ml. of 8 N (normal) hydrochloric 
acid was added. 

(c) The tubes were sealed and placed in a 
boiling water bath for six hours. 

(d) The contents of the tubes were quantita- 
tively transferred to a 50-ml. Folin-Wu tube, 
and made up to volume with distilled water. 

(e) Seventy-five one-hundredths milliliter of 
Dareo (activated carbon), as measured in a 
hematocrit tube, was added to the solution. 
The mixture was thoroughly and vigorously 
shaken for five minutes to distribute the carbon 
particles equally throughout the solution. 

(f) The solution was then filtered through 
No. 40 Whatman paper. 

(g) The procedure from this point forth is 
identical with that described by Schloss.” 

II. Determination of tissue hexosamine on 
dry-weight basis: 

(a) This was carried out simultaneously with 
the wet-weight determination on a separate 
sample first weighed wet and again weighed 
after Irying in an oven at 100 C. for twenty- 
four 1) twenty-six hours. 

(b) The dried tissue was treated in the same 
manner as the wet tissue (Part I, b to g). All 
skin -:mples must be shaved as closely as pos- 
sible because fur, per se, gives rise to a color 
whicl: interferes with the hexosamine deter- 
mins! ion. 

Il: The plasma hexosamine and the hex- 
Osanine content of the test substances were 


ae 


determined by the method described by 
Schloss.?° 

IV. Statistical analysis: The standard de- 
viation was determined by means of the 


y+f/2 


aulae = , PEA 
formula ¢ = Von 


- when the number of animals 
studied was 30 or more and by the formula 


Sad? 
c= J 2 j When thenumber of animalsstudied 


was less than 30. The test of significance or 
“t”? test was done to determine whether varia- 
tions from the control were significant. The 
value of ‘dv’? was determined by the equation 
2 2 
t=,/2 4 2; «p? values of 2.50 or over were 
mM Ns 
considered as significant. 

In the preceding formulas, ¢ = standard 
deviation; > = sum of; f frequencies; 
d = deviation from the mean; n = number of 
observations; and m = mean. 


RESULTS 


Tissues of normal or untreated rabbits can 
be divided into three classes depending upon 
their hexosamine content. Table 1 summarizes 
the analytic results of various tissues of un- 
treated rabbits. Class I consists of such tissues 
as the heart, thymus, testes, and quadriceps 
femoralis, which are poor in collagen, fibrous 
connective tissue, and ground substances and 
which exhibit a relatively low hexosamine con- 
tent. Tendon, lung, kidney, stomach, and the 
osseous portion of ribs (table 1, Class III) 
exhibit a relatively high hexosamine value. 
With the exception of the stomach and ribs, 
the relatively high hexosamine content of the 
remaining tissues of this class is most probably 
due to the fact that these tissues are relatively 
rich in collagen, ground substance, or fibrous 
connective tissue. The high hexosamine values 
of the stomach are due to the presence of the 
hexosamine-containing polysaccharide, mucoi- 
tin sulfate, in the mucosa. The high hexosamine 
content of the rib is due to the hexosamine- 
containing polysaccharide, chondroitin sulfate. 
Tissues such as liver, spleen, and tongue com- 
prise the third class, containing an intermediate 
amount of hexosamine (table 1, Class II). 

The range and mean value of the plasma 
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TaBLeE 1.—Comparison of the Mean Hexosamine Content of the Various Tissues in Untreated Rabbits and in Thos, 
Which Received a Single Subcutaneous Injection of the Various Test Substances* 


No. of 
Inoculant Animals Range Mean 
Examined 
Class I 


Striated Muscle (Quadriceps Femoralis) 


Untreated 34 . 23-0.50 3! +0.09 
Crude trypsin 7 .33-0.49 +0.07 
Inactivated crude trypsin. 1] .29-0.47 . +0.04 
Casein Ke 8 .30-0.45 38 +0.06 
Saline ; ; si ; aaa 8 .31-0.37 oe +0.02 


Heart 


Untreated Bs ‘ ; .68 ; +0.12 
Crude trypsin pa eee ‘ e ‘ +0.10 
Inactivated crude trypsin enat : sf , +0.04 
Casein ; i ; : +0.06 
Saline ice R ‘ od +0.06 


Untreated... ; ; : : ¢ : +0.09 
Crude trypsin... ee fst i .78 : +0.10 
Inactivated crude trypsin er .s ; ‘ ; +0.08 
Casein : pee eee Fineetios ibe 8 : Be : +0.09 
Saline...... aa ; : , +0.04 


Untreated cme is a } .82 : +0.05 
Crude trypsin.... ee ee pits aren eects z aa , +0.10 
Inactivated crude trypsin Set cae 2 ¢ ‘ ‘ . 6 +0.08 
Ce ee eee 5 aa . 6S +0.05 
Saline... ; oa Bees ie ; ; . 68 +0.05 


Untreated.... Fa es ee ; , y +0.12 
ee a ee eee +0.05 
Inactivated crude trypsin...... Pas ‘ 4 : +0.05 
Casein - : : ; ‘ +0.27 
Saline.... ; : ‘ é : +0.10 


Untreated........ y Ak s +0.15 
Crude trypsin ; Te . j +0.08 
Inactivated crude trypsin. : : +0.06 
Casein...... ip ‘ ‘ A +0.12 
Saline........ : a . +0.14 








Untreated. . Baier chen : ‘ ’ +0.12 
Crude trypsin........ ‘ ; c +0.12 
Inactivated crude trypsin j d : +0.07 
Casein ee Oe ‘ i j +0.04 

+0.15 





TABLE 1.—Continued 


No. of 
Inoculant Animals 


Examined 


Class ITT—Skint 


| 


Untr ated... Stes oy 34 
Crud» trypsin a ee 12 
Inac! vated crude trypsin. . 12 
Case ar ane ; 8 
Salin oes 10 
Crys 10 
Cryst \lline trypsin 12 
Inact vated crystalline trypsin 

Cryst lline chymotrypsin....... 

Crysi line lysozyme... 


Tendont 


Untrexted. . Rites ARH os ; 2s 31 
Crude trypsin... a 12 
Inactivated crude trypsin. 12 
Caseil Saath 8 
Saline tee ee Paes 10 
Crystalline bovine serum albumin 

Crystalline trypsin 12 
Inactivated crystalline trypsin 

Crystalline chymotrypsin............... 

Crystalline lysozyme 


(nireated. 5 .......:.. 
Crude trypsin. . 

Inactivated crude trypsin. 
Casein 

Saline 


Untreated...... | 1.00-1. 
Crude trypsin | 0.99-1. 
Inactivated crude trypsin ( 0.98-1. 
Casein Bie 0.98-1.; 

1.03-1. 


Untreated........ 0.95-1. 
Crude trypsin. . 0.91-1. 
Casein 0.99-1. 
Saline ¢ 0.90-1. 


Untres ed . 29-2. 50 .58 
Crude irypsin | 1.20-2.50 74 
Inacti: ated crude trypsin.... ¢ | 1.13-1.74 | 36 
Casei | 1.14-1.75 42 
Saling ‘ | 1.30-1.66 49 


Class IV—Plasma Hexosamine (mg. per 100 ml. plasma) 


Untrested.... 34 | 39. 1-67.0 51.4 +6.80 = 


* All 
perio. 


values are expressed in milligrams hexosamine per gram of wet tissue and cover the entire experimental 


+ Skin covering the quadriceps femoralis—a site distant from injection site. t Tendon of Achilles 
underlying the injection site. 
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TABLE 2.—Comparison of the Mean Hexosamine Content of the Injection Sites and ‘‘ Nodules”’ Following a S 
Subcutaneous Injection of the Various Test Substances* 


No. of 
Inoculant Animals Range Mean 
Examined 


Untreated... — See 26 .02-6.10 5.16 .66 
Crude trypsin............ sé 11 ).30-12.10 s 73 


Inactivated crude trypsin...... Siren 12 .54- 5.98 5.58 -62 


Casein ates: Seas ‘ : pe 9 3.59- 6.00 4.72 .92 
Ll eee es a 10 4.45- 5.75 5.13 ol 
Crystalline bovine serum albumin 11 .00- 6.09 5. 77 
Crystalline trypsin me 12 ).00— 8.90 47 +0.85 
Inactivated crystalline trypsin..... ee bod 4.87- 5.76 5.34 +0.24 
Crystalline chymotrypsin Hated cteg 8 4.44- 5.56 94 +0.40 


Crystalline lysozyme..... 7 3.41- 5.98 4.90 +0.58 


* All values are expressed as milligrams hexosamine per gram of dried tissue, and cover the entire experimental 
period. 





MGM. HEXOSAMINE / GM. DRIED TISSUE 


| 


© Crude Trypsin 

@ Inactivated Crude Trypsin 
4 Saline 

4 Casein 














4 8 12 16 20 24 28 
TIME (DAYS) POST INOCULATION 


Fic. 1.—Comparison of tissue hexosamine changes following a single subcutaneous injection of 
crude trypsin, inactivated crude trypsin, casein and saline. 
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amine content of the untreated group of before any visible or palpable change was noted. 
its is exhibited in table 1, Class IV. Following the initial rise, the hexosamine con- 
lowing a single subcutaneous injection of tent of the tissues and “nodules” at the in- 

or crystalline trypsin, there were no jection sites remained significantly elevated 
le or palpable tissue changes at the in- throughout the experimental period. The 
m site for four to seven days.** Although secondary rise in the already elevated hexos- 


9.00 


TISSUE 


Lower Limit of Normal 


© Crystalline Trypsin 

@ Crystalline Bovine Serum Albumin 
4 Inactivated Crystalline Trypsin 

DO Crystalline Lysozyme 

4 Grystalline Chymotrvpsin 





MGM. HEXOSAMINE /GM. DRIED 





12 16 20 24 28 
TIME (DAYS) POST INOCULATION 


Fig. 2—Comparison of tissue hexosamine changes following a single subcutaneous injection of 
crystalline trypsin, inactivated crystalline trypsin, crystalline bovine serum albumin, crystalline 
lysozyme and crystalline chymotrypsin. 


no physical changes were noted at the injection TaBLeE 3.—Hexosamine Content of the Various 

‘ a re ‘ sa aa TW. S a ae 

sites during this period, the possibility that - _Test Substances 

measurable changes in hexosamine content iat 
. vee . Test Substances Content 

had occurred was considered. Therefore, hex- : en 

osamine determinations were performed on the 

various tissues, including the injection sites, 


.2% erude trypsin solution. ma 0.007 
.0% erystalline trypsin solution....... 0.003 
and plasma (tables 1 and 2). .0% casein solution. ....... 0.007 


It is seen in figures 1 and 2 and table 2 that .0% erystalline bovine serum albumin 
a significant increase in hexosamine concentra- solution ; 2 0.005 


1.0% erystalline lysozyme solution. .... 0.005 


tion : > injecti sites and ‘nodules’ x ; ; . 
it the injection sites a odule 1.0% crystalline chymotrypsin solution 0.003 


folloved a single subcutaneous injection of aoa eaias idee tada tates 
crystilline trypsin. Inactive crude and crystal- * Expressed as milligrams of hexosamine per milli- 
line ypsin as well as the other test substances liter of solution of the test_ substances, which is 
did not cause any significant change in hexos- the exact amount of hexosamine introduced via the 
amin concentration locally. Of interest is the — 

marled increase in the hexosamine content of amine content (figs. 1 and 2) which occurred 
the t:ssue at the injection sites, which occurred between the fourteenth and eighteenth day 
as curly as thirty-six hours postinoculation after inoculation corresponded to the period 
(figs 1 and 2). This alteration occurred long when the ‘‘nodule” reached its maximum size. 
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At the end of the experimental period, thirty size was still present. The fact that similar 
days postinoculation, the hexosamine value at results were obtained with both crude and 
the site of injection was still elevated (figs. 1 crystalline trypsin demonstrates that the im- 
and 2) and the “nodule” although small in purities in the crude preparation played no 


TaBLE 4+.—Comparison of Mean Hexosamine Content of the Skin* and Tendonf Following a Single Subcutan ous 
Injection of the Various Test Substancest 


No. of 
Inoculant Animals Range 
Examined 


Skin* 


Untreated.. Nae eis cheats : 26 
Crude trypsin. ee 

Inactivated ule teeeieles 

Casein 

Saline : 

Crystalline bovine serum : slbunain < 

Crystalline trypsin. 

Inactivated crystalline trypsin. 

Crystalline chymotrypsin... 

Crystalline lysozyme 


www bv 
OO te he 


www ow 

a 
pb b&b PS bh C 
os ne On tn 


ww 


Tendont 


Untreated..........:;.. ee Ses tank 26 
Crude trypsin. bane a eke 10 
Inactivated crade trypsin . 
Casein.... 

Saline 


2.65-5. 
2.82-5.66 
3.30-5.2 
3.00-5.6 


13 76 
45 .90 
94 .63 
42 87 
40 .66 
25 65 
41 .56 
50 51 
27 


3.52-5.6: 


Crystalline trypsin... 

Inactivated crystalline trypsin..... 
Crystalline chymotrypsin 
Crystalline lysozyme.... 


00-5. 
3.80-5.18 

.02-5.44 
3.92-4.92 


OF 
-06 .66 


2 

2 

3 

3 

er 3 

Crystalline becinn serum ‘ania a. 3.20-5. 

4 

3 

4 

3 


* Skin covering the quadriceps femoralis—a site distant from the injection site. 
+ Tendon of Achilles—subjacent to the injection site. 


¢ All values are expressed as milligrams of hexosamine per gram of dried tissue, and cover the entire experi- 
mental period. 


TaBLe 5.—Comparison of the Mean Piasma Hexosamine Content of the Untreated Rabbits and of Those Which 
Received a Single Subcutaneous Injection of the Various Test Substances* 


Inoculant Examined Range Mean 


Untreated. pea 30 39. 1-67. 51. 4 
Crude trypsin... .....2...%. Sage a ieniok 12 495-87. 77.5 
Inactivated crude trypsin. a 12 30.0-69.6 53. 
Casein. ree pHa ard 9 45.5-70.: 59.§ 
Saline. . eee patios 8 39.0-82. 58. 
Cc ryst alline trypsin........ Di bend eR gs 55.5-77. 67.§ 
Inactivated crystalline trypsin. . . pecan 10 40.0-72. 53.§ J 
Crystalline bovine serum albumin. Sek re 70.0-96. 79.% 8. 
Crystalline chymotrypsin. ... 8 46 .0-90.6 7; +14.90 3. 
Crystalline lysozyme Docker: vtiatis 7 45.6-89.1 74.§ +15.74 3 


* All values are expressed as milligrams hexosamine per 100 milliliters of plasma and cover the entir ex- 
perimental period. 
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FIG. 3.—Comparison of plasma hexosamine values in rabbits following a single subcutaneous 
injection of crude trypsin, crystalline trypsin, inactivated crude and crystalline trypsin. 
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FIG. 4—Comparison of plasma hexosamine values in rabbits following a single subcutaneous in- 
jection of saline, casein, crystalline lysozyme, crystalline chymotrypsin, and crystalline serum 
albumin. 





830 TISSUE RESPONSE TO INJECTIONS OF ENZYMES 


important part in the formation of the 
‘“‘nodules.”’ 

The hexosamine content of the various test 
substances is listed in table 3. The insignificant 
amount of hexosamine present in the test 
substances, introduced via the injection, could 
hardly account for the elevated values ob- 
tained at the injection sites and ‘nodules.”’ 
Although the ‘‘nodules” and injection sites 
exhibited significantly elevated hexosamine 
values following the subcutaneous injection of 
crude and crystalline trypsin (table 2, figs. 1 
and 2), the other tissues failed to demonstrate 
any significant alteration of the hexosamine 
content from the normal (table 4). 

In table 5 and figure 3 it is seen that the 
plasma hexosamine value for the group of 
rabbits inoculated with crude trypsin was 
significantly elevated as early as forty-eight 
hours postinoculation and remained so through- 
out this experimental period. By the third 
postinoculation day, the plasma hexosamine 
value of the crystalline trypsin group rose 
significantly and remained elevated throughout 
the study period. 

It was determined that the ‘‘nodules” which 
occurred following the single subcutaneous in- 


jection of crude or crystalline trypsin were due 
neither to a foreign protein reaction nor to a 
nonspecific reaction to the injection per se, 
nor to the irritative effect of daily shaving, nor 


could they be produced by other enzymes.*! 
Concomitant with the absence of any macro- 
scopic tissue changes following the single sub- 
cutaneous injection of casein, crystalline bovine 
serum albumin, saline, crystalline lysozyme, 
crystalline chymotrypsin, and daily shaving 
was the failure of any significant hexosamine 
changes to occur either at the injection sites 
(table 2) or in the other tissues (tables 1 and 4). 

The significant elevation of the plasma hex- 
osamine above the upper normal limit which 
occurred following the subcutaneous inocula- 
tion of crystalline bovine serum albumin, 
crystalline chymotrypsin, crystalline lysozyme, 
and casein (fig. 4) is something which deserves 
further investigation. 


Discussion 


The present studies not only confirm the 
presence of an hexosamine in such rabbit ti ssues 
as skin, tendon, cartilage, and giustric 
mucosa?’ (table 1), but have also demon- 
strated its presence in a large variety of other 
tissues (table 1). A direct relationship seems 
to exist between the hexosamine conteni and 
amount of collagen and/or fibrous connective 
tissue present (table 1). 

Since subcutaneous “nodules” appeared only 
in those rabbits treated with trypsin and since 
these “nodules” were preceded by and asso- 
ciated with a significantly elevated tissue hey- 
osamine content at the injection sites (table 
2, figs. 1 and 2), it is possible that histochemical 
alterations are earlier indices of pathologic 
changes than are macroscopic observations. 
It is conceivable that tissue hexosamine altera- 
tion may be employed as a means for the earlier 
detection of the presence of pathologic proe- 
esses. 

Statistically significant elevations of the 
hexosamine values of the injection sites and 
“nodules” 


> 


which followed occurred only in 
those rabbits inoculated with active crude and 
crystalline trypsin (table 2). 

The occurrence of significantly elevated 
plasma hexosamine values in those animals 
inoculated with substances which caused no 
histochemical or macroscopic changes at the 
injection site (casein, albumin, chymotrypsin, 
and lysozyme), as well as in those rabbits 
inoculated with other substances (crude and 
crystalline trypsin) which caused macroscopic 
and significant histochemical changes, indi- 
‘ates that there is probably no direct relation- 
ship between the plasma and tissue hexosamine 
changes. 


SUMMARY AND CONCLUSIONS 


1. Following a single subcutaneous injection 
of 1.0 ml. of a crude or erystalline trypsin 
solution into the plantar aspect of the /ind 
legs of rabbits, there occurred a significant ele- 
vation of the hexosamine content of the ti-sue 
at the injection site. The “nodules” which <ub- 
sequently developed had without exce} (ion 
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the |: ghest hexosamine content of all the tissues 
stud d. 

2. The elevation of the tissue hexosamine of 
the isjection sites occurred before any visible 
or p: pable tissue changes could be detected, 
and versisted throughout the experimental 
perio i of thirty days. 

3. That the results obtained with trypsin 
were specifically due to its enzymatic action 
was indicated by the failure of any significant 
alteration of tissue hexosamine or macroscopic 
changes to occur following the subcutaneous 
injection of casein, crystalline bovine serum 
albumin, heat-inactivated trypsin, crystalline 
chymotrypsin, and crystalline lysozyme. 

4. The tissue hexosamine content of such 
tissues as the skin, tendon, lung, heart, liver, 
spleen, and thymus did not exhibit any sig- 
nificant alteration following the subcutaneous 
injection of the test substances including 
trypsin. 

5. The plasma hexosamine was significantly 
elevated, as demonstrated by the ¢ test, in 
members of the groups which received active 
crude or crystalline trypsin, chymotrypsin, 
lysozyme, bovine serum albumin, and casein. 
It was not significantly elevated in members 
of the inactivated trypsin and saline groups. 

6. The occurrence of a significantly elevated 
plasma hexosamine value in those groups whose 
members did not exhibit any significant tissue 
hexosamine changes illustrates the lack of any 
necessary correlation between the tissue and 
plasma hexosamine changes following the sub- 
cutancous introduction of the test substances. 
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Studies of Tissue Response to Injections of 
knzymes 


[i]. Preliminary Report. Development of Subcutaneous 
“Nodules” and Tissue Hexosamine Changes in Rabbits Fol- 
lowing a Single Subcutaneous Injection of Streptokinase 


By SAMvuEL T. Scutamowitz, M.D., ArtHuR C. DeGRAFF, M.D., AND 
MAXWELL SCHUBERT, Pu.D. 


Since 1893, activation of the serum proteolytic enzymes has been accomplished by a variety of meth- 
ods and agents. Activation of the serum proteolytic enzyme by means of streptokinase, the beta 
hemolytie streptococcal kinase, has been recently demonstrated. The significant plasma and tissue 
hexosamine changes, as well as the subcutaneous “nodules” which developed at the injection 
sites, resemble those observed in the trypsin treated group. Although trypsin and the serum pro- 
teolytic enzyme are not identical, they have many characteristics in common. 


HK PRESENCE of proteolytic activity 

of serum was first noted by Dastre! in 

1893. Delezene and Pozerski? in 1903 
reported that sera treated with chloroform ex- 
hibited proteolytic activity. This observation 
has been confirmed by subsequent investi- 
gators.’ -° Activation of serum protease has been 
accomplished by a variety of agents and meth- 
ods.7-'" Christensen!! and Christensen and 
MacLeod® have recently demonstrated that 
serum protease is normally present as a 
zymogen, plasminogen,’ and is catalytically 
transformed to an active enzyme, plasmin, by 
streptokinase, a bacterial kinase. Despite the 
fact that plasmin and trypsin have many 
characteristics in common and are considered 
to be identical by some _ investigators,!*-!® 
Christensen':" and Kaplan’? have demon- 
strated that they are not identical. 

This study was prompted by the following 
consid: rations: (1) the development of subcu- 
taneous “nodules” in rabbits appeared to be 
specifi-ally related to the administration of 
trypsi:: ;7 (2) the fact that plasmin and trypsin 

Froi: the Department of Therapeutics, New York 
Univer-ity College of Medicine, New York, N. Y. 

This Study was aided by grants from the American 
Legion and Helen Hay Whitney Foundation. 


have many characteristics in common;" and (3) 
the fact that plasminogen is converted to 
plasmin by streptokinase." It was decided to 
ascertain whether a single subcutaneous injec- 
tion of streptokinase would induce (a) ‘‘nodule” 
formation at the injection site, other local le- 
sions, and/or visceral lesions; (b) any sig- 
nificant changes in tissue and/or plasma 
hexosamine.'8 


MATERIALS AND METHODS 


Seven young male albino rabbits* were used in 
this study. These animals ranged in weight from 
1.60 to 1.92 kilograms. They were obtained from the 
same source and fulfilled the same criteria regarding 
their clinical state as those employed in the previous 
studies.'7: '§ Except for the inoculant, these rabbits 
were subjected to the same procedures employed in 
the previous investigation.1: 18 

The control animals employed for this study are 
the same as those used in the previous studies.!7: 18 

Streptokinase.t{ Partially purified streptokinase 
made up in a borate buffered solution (pH 7.4) was 
prepared so that 1.0 ml. of the solution contained 
10,000 units. 





* The limited amount of streptokinase available 
was sufficient for only 7 animals. 

{ Partially purified streptokinase was graciously 
contributed by Drs. C. MacLeod and L. R. Christen- 
sen, Department of Microbiology, New York Univer- 
sity College of Medicine. 
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TaBLeE 1.—The Relationship Between the Occurrence, 
Size of the ‘‘Nodules,’’ and the Time Interval After 
a Single Subcutaneous Inoculation of Strepto- 


kinase 


Key—Measurements in mm. 


Length X Width X Length X Width X 


Symbol Height Height 


0 
1 
3 
6 
9 9 
12 12 12 or over* 


* Maximum nodules since observed 22 X 22 X 10. 


Days Postinoculation 
Inoculant 


Strepto- 
kinase 
O/\+)/3+/3+ 
0\+/3+\/3+/4+ 
O))2+|/2+/3+/4+ 
0} /2+/2+/3+/44+/4+/4+ 
36 0.4/2+/8+|384+/44+/44+/44+/4+\44+)38+ 


The methods for the measurement of the 
“nodules,” the determination of the hexosamine 
content of the plasma and tissues, and the statistical 
treatment of the results which were employed in 
this study have been described in detail in the previ- 
ous reports.!7: 18 


PROCEDURE AND RESULTS 


In each of a series of 7 rabbits, a single injec. 
tion of 1.0 ml. of streptokinase solutio. eop. 
taining 10,000 units was introduced + bey. 
taneously into the shaved area of the p anta) 
surface of each of the hind legs, wh ch jg 
analogous to the human heel region. A di-tinet. 
firm, nontender, elevated mass appeared t the 
injection site two to four days after the injec. 
tion. The subcutaneous “nodule”’ progre: sively 
increased in size to reach its maximum ii: nine 
to sixteen days, and then slowly regressed 
(table 1, fig. 1). At the end of the experiiental 
period of twenty-one days, the “nodule” 4l- 
though smaller in size, was still present. No 
erythema, tenderness, fluctuation, eschiar, ne- 
crosis, slough, breakdown, or fixation to the 
underlying tissue was associated with the de- 
velopmental course of the subcutaneous mass. 

Twenty-four hours after the single subeu- 
taneous injection of 10,000 units (1.0 ml.) of 
streptokinase, a significant elevation of the tis- 
sue hexosamine content occurred at the injec- 
tion sites. Thereafter the level of the hexosa- 
amine of the injection sites and ‘nodules” 
remained significantly elevated throughout the 
experimental period of twenty-one days (fig. 1, 
table 2). 

The hexosamine content of such tissues as 
the tendons of Achilles, and the skin covering 


Fic. 1.—Streptokinase ‘‘nodules”’ on the plantar surface of the hind legs of Rabbit 36, which oc- 
curred at the injection sites twelve days after the subcutaneous injection of 10,000 units of strepto- 


kinase. 
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F1G. 2.—Tissue hexosamine changes of the injection sites and “nodules” following a single sub- 
cutaneous injection of streptokinase. 
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FIG. 3.—Plasma hexosamine changes following a single subcutaneous injection of streptokinase: 


the quadriceps femoralis (a site distant from and persisted throughout the entire twenty-one- 
the injection area), did not exhibit any sig- day study period (fig. 2, table 4). 
nifica:'t variation from the normal (table 3). 

A s ynificant elevation of the plasma hexosa- Discussion 
mine occurred twenty-four hours after the Subcutaneous “nodules” which macroseopi- 
single subeutaneous injection of streptokinase cally resembled those which followed the single 
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TaBLE 2.—Comparison of the Mean Hexosamine 
Content of the Injection Sites and ‘‘Nodules”’ 
Following a Single Subcutaneous Injection of 
Streplokinase* 


Number 
of Ani- 
Inoculant mals Range Mean 
Exam- 
ined 


$.02-6.10 5.16 +0.66 
6.10-7.20 6.63 +0.39 7.24 


Untreated aT 
Streptokinase 7 


* All values are expressed as milligrams of hexos- 
amine per gram of dry tissue, and cover the entire 
experimental period. 


TaBL_y 3.—Comparison of the Mean Hexosamine 
Content of the Tendons,* and Skint Following a 
Single Subcutaneous Injection of Streptokinase 
All values are expressed as milligrams of hexos- 
amine per gram of dry tissue, and cover the exper- 

‘mental period. 
+ Skin Over the Quadriceps Femoralis 


Number 
of Ani- 
Inoculant mals Range Mean 
Exam- 
ined 


Untreated 27 «=|2.03-5.90) 4.14 
Streptokinase 7 |8.90-5.12| 4.33 


* Tendons of Achilles 


Number 
of Ani- 
Inoculant mals Range Mean 
Exam- 
ined 


.65-5.10 4.13 40.76 
.35-4.98 4.15 +0.57 


Untreated 
Streptokinase 


TABLE 4.—Comparison of the Mean Plasma 
Hexosamine Content of Untreated and 
Streptokinase Treated Rabbits* 


Number 
of Ani- 
Inoculant mals Range 
Exam- 
ined 


Untreated 30 (39.1-67.0) 51.4 +6.80 


Streptokinase. 7 (75.0-95.4| 85.4 |46.70 11.3 


* All values are expressed as milligrams hexos- 
amine per 100 ml. of plasma and cover the entire 
experimental period. 


subcutaneous injection of crude or crystalline 
trypsin” developed locally at the sites where the 


partially purified streptokinase was injected 
The developmental course of these “nodules” 
seemed to be accelerated when compare! with 
that which occurred in the animals inoculated 
with trypsin. This is demonstrated by thie fag 
that in the streptokinase-treated series, “nod. 
ules” appeared in two to four days after injec. 
tion and reached their maximum size _ withiy 
twelve to sixteen days. In the trypsin-t reate 
series, the “nodules” appeared within | ur ty 
eight days, and reached their maximum jy 
fourteen to eighteen days." 

The significant elevation of the tissue ‘injec. 
tion sites and “nodules”) and plasma |} exosa- 
mine content which occurred soon afier the 
introduction of streptokinase and_ persisted 
throughout the period of observation resembled 
the hexosamine changes observed in the tryp- 
sin-treated rabbits. Another feature common 
to both the streptokinase-inoculated rabbits 
and trypsin-injected animals is the secondary 
rise in the hexosamine content of the “nodules” 
twelve to eighteen days after inoculation (fig. | 
which corresponds to the period when the 
“nodules” reached their maximum size. 

The inoculating dose of streptokinase was as- 
sumed to produce sufficient plasmin not only to 
neutralize the high antiprotease titer which is 
present in the rabbit,®: but also to insure an 
excess of the plasmin. The hypothesis that the 
“nodule” formation and hexosamine changes 
observed following the injection of strepto- 
kinase were due to the plasmin resulting from 
the activation of the plasminogen by the strep- 
tokinase®: '' can hardly be made at present. The 
possible role of desoxyribosenuclease which has 
been demonstrated to be present in the partially 
purified streptokinase preparations?’ must first 
be investigated. 


SUMMARY 


1. Two to four days following a single sub- 
cutaneous injection of 10,000 units of partially 
purified streptokinase into the plantar «spect 
of the hind legs of rabbits, there oceurr:d at 
the injection site a distinct, firm, nontender, 
elevated mass. There never was any eryt! ema, 
tenderness, eschar, necrosis, slough, bveak- 
down, fluctuation, or fixation to the under ying 
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sues associated with the development of the 
odules.”’ 


2. The “nodules” progressively increased in 
e to reach their maximum in twelve to six- 
n days postinoculation, and then slowly 
rressed., 

3. The injection sites and the “nodules” 
ich subsequently developed exhibited a sig- 


icant increase in the hexosamine content, 
‘ich persisted throughout the twenty-one 
ovs of observation. 
|. A significant increase in the plasma hexos- 
aiuine content occurred twenty-four hours 
alier the inoculation, and persisted throughout 
the entire study period. 
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Studies of Tissue Response to Injections of 
Enzymes 


IV. Tissue, Hexosamine, and Hematologic Changes in 
Rabbits Following a Single Subcutaneous 
Injection of Hyaluronidase 


By Samvuev T. ScuotamMowitz, M.D., Evetyn Morrison, A.B., AND MAXWELL SCHUBERT, Pu.] 


Hyaluronic acid, a mucopolysaccharide, is present in a variety of tissues, including the skin, 
vitreous humor, and synovial fluid. It is depolymerized and hydrolyzed by hyaluronidase, with 
the liberation of a hexosamine and glucuronic acid. A significant elevation of tissue hexosamine 
occurred at the injection sites and in the subsequent “nodules” following the subcutaneous in- 
jection of trypsin. The subcutaneous injection of hyaluronidase alone caused no change; it was 
rapidly and completely diffused. The subcutaneous “nodules” and significant hexosamine changes 
which developed at the sites where trypsin was injected into a hyaluronidase-treated area 
closely resembled those which occurred with tryspin alone. Of interest is the significant leukocyto- 
sis which occurred only in those rabbits which received both hyaluronidase and trypsin. 


HE GROUND substance of connective 

tissue contains a salt of an acidic sub- 

stance which in water produces a highly 
viscous solution. This substance is presumably 
secreted by the connective tissue cells. Al- 
though it allows metabolites to pass through 
it, it has the important function of offering 
resistance to penetration by foreign matter 
such as infectious agents.'-* A complex muco- 
polysaccharide consisting of d-glucuronic acid 
and n-acetyl-d-glucosamine has been isolated 
from rabbit skin.’-® This compound has been 
called hyaluronic acid. That this mucopoly- 
saccharide is not limited to the skin is evident 
by its presence in the following tissues: aqueous 
and vitreous humor,’* Wharton’s jelly of the 
umbilical cord,’ synovial fluid,! pleural fluid," 
fowl tumor,” and mucoid strains of Group A 
streptococcus.’ It has been demonstrated that 
hyaluronic acid is depolymerized and hydro- 
lyzed by enzymes classified as mucinases, of 
which hyaluronidase is one.'-® These mucinases 
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are present in testes, some bacteria, and in the 
poisonous secretions of animals and reptiles.’ 
A dramatic increase in the spreading of foreign 
material through connective tissue results 
from the action of the mucinase, hyaluronidase, 
on the substrate hyaluronic acid. The effect 
of hyaluronidase on hyaluronic acid in vitro 
“appears to go through three stages: (a) a 
separation of the protein residue, (b) a rapid 
depolymerizing action on the polysaccharide 
with diminution of the viscosity of aqueous 
solutions, and (c) a partial or complete hydro- 
lytic action with liberation of n-acetyl-d- 
glucosamine and d-glucuronie acid.” 

In view of these facts and also in view of the 
fact that a marked and significant increase in 
hexosamine-containing substance has_ been 
found to occur at the injection sites of crude 
and crystalline trypsin preparations,’:" ii 
was decided to ascertain whether a single sub 
cutaneous injection of hyaluronidase alone 0: 
the combined subcutaneous injections of hyal- 
uronidase and trypsin would result in (a 
“nodule” formation or other local tissu 
changes at the sites of injection, (b) othe: 
visceral lesions, (c) any significant tissue and/ 0: 
plasma hexosamine changes, (d) any significan' 
hematological changes. 
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MATERIALS AND METHODS 


Twenty-two young male albino rabbits ranging in 
ight from 1.6 to 2.25 kilograms were employed in 
sstudy. The rabbits were obtained from the same 
iree and fulfilled the same criteria regarding their 
nital state as those employed in the previous 
idies.13: 4 These rabbits were subjected to the same 
ieedures and treatment, except for the inoculant, 
those employed in the previous investigations. 


BLE 1.—Relationship Between the Occurrence, Size of the ‘‘Nodule,’ 
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(70 mg.) of the substrate employed from 60 
seconds to 15.4 seconds within four minutes. 
Crystalline Trypsin. Twice-crystallized bovine 
trypsin was prepared as a 1 per cent solution in 
accordance with the method described in the 
previous studies.'*: '* All solutions were Seitz filtered 
and bacteriologically checked for sterility before use. 
The proteolytic activity of these enzyme prepa- 
rations was determined according to the method of 


’ 


and the Time Interval after a Single 


Subcutaneous Injection of Hyaluronidase, and following a Single Subcutaneous Injection of Crystalline Trypsin 
into a Hyaluronidase-Treated Area 


Key—Measurements (mm.) 


Length X Width X Height 


0 


2+ 
3+ 
4+ 


* Maximum nodule observed 20 x 22 x 22 mm. 


No. of 


Inoculant Animals 


1 to ll 


2% hyaluronidase solution 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


2% hyaluronidase plus 1% 
crystalline trypsin solu- 
tion 


/lyaluronidase.* Bovine testicular hyaluronidase 
taining 144 turbidity-reducing units per milli- 
grim, according to Schering’s assay, was prepared 
. 2 per cent solution with physiologic saline and 
fered with phosphate to a final pH 7.40. The 
ivity of this preparation at the time of use was 
isured by the Ostwald viscometric method, using 
per cent phosphate buffered potassium hy- 

al ronate solution pH 7.40 as the substrate.* It was 
nd that 1.0 ml. (20 mg.) of the hyaluronidase 
ition at 30° C. decreased the flow time of 7.0 ml. 


* The hyaluronidase employed in this study was 
ciously donated by the Schering Corporation, 
iomfield, N. J. 


[eH +H 


Length X Width X Height 


or over* 


2+ 
2+ 
2+ 
2+ 


3+ 
34 
3+ 
4+ 


4+ | 44+ | 4+ | 
4+ | 4+ | 4+ | 3+ | 2+ | 1+: 


Anson and Mirsky. The methods for the measure- 
ment of the “nodules,” the determination of ‘the 
hexosamine content of the plasma and tissue, and 
the statistical treatment of the results which were 
employed in this study have been described in 
detail in the earlier reports. The animals employed 
as controls for this investigation are the same as 
those used in the previous studies.'3- * The hemato- 
logic studies performed in this problem were limited 
to red blood cell counts, white blood cell counts, and 
differential white blood cell counts. These observa- 
tions were carried out throughout the entire study 
period on the blood obtained from the marginal ear 
veins of unanesthetized 1abbits, before and after 
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receiving the inoculants. A Spenser Bright Line 
Hematocytometer was used for all counts. The blood 
smears for the differential white blood cell counts 
were stained with MacNeil’s Tetrachrome stain. 


PROCEDURE AND RESULTS 


In each of a series of eleven animals a single 
injection of 0.3 ml. of a 2 per cent hyaluronidase 


TaBLeE 2.—Comparison of the Mean Hexosamine 
Content of the Injection Sites, ‘‘Nodules,” Skin,* 
Tendon,t and Plasma following a Single Subcutan- 
eous Injection of Hyaluronidase, and following a 
Single Subcutaneous Injection of Crystalline Tryp- 
sin into a Hyaluronidase Treated Areat 


Inoculant 


2% Hyal- 

2% Hyal-, uronidase 
uronidase Plus 1% 

Solution Crystalline 
Trypsin 


Untreated 


Number of animals 11 11 
examined 
Injection site and 
‘“nodules”’ 
Mean 5.16f 5. 6.78 
o +0.66 +0.33 
t — .O8 8.90 
Skin* over quadriceps 
femoralis 
Mean 
o Y 91 
t : 0.80 
Tendont of Achilles 
Mean 4.13f 3.94 3.97 
o +0.76 +0.87 | +0.69 
t — 0.54 0.53 
Plasma 
Mean 51.4t 70.6 65.7 
G +6.80  +3.76 +13.11 
t ~ 9.85 2.67 


t The plasma hexosamine is expressed as milli- 
grams hexosamine per 100 ml. plasma. All other 
values are expressed as milligrams hexosamine per 
gram dry tissue, and cover the entire study period. 


solution containing 6 mg. of the enzyme was 
subcutaneously introduced into a shaved area 
of the plantar surface of each of the hind legs, 
which is homologous to the human heel region. 
An immediate, rapid, and dramatic diffusion 
of the inoculant occurred in all the rabbits. No 
visible and/or palpable tissue change occurred 
at the injection sites at any time during the 
thirty-day experimental period in any of the 
animals except one (table 1). The exception 


was the development of a small superficial are. 
of necrosis at one injection site in one anim:|! 
on the third postinoculation day. The hexo-- 
amine content of the injection sites and other 
tissues such as the tendon of Achilles, which s 
subjacent to the inoculation site, and the skin 
covering the quadriceps femoralis, which 
distant from the injection site, did not exhib t 
any significant deviation from the normal (tab/e 
2). The plasma hexosamine content, howev« 
did exhibit a significant elevation (table 2. 
Concomitant hematologic studies demonstrated 
no significant change in the red cell counts, 
white blood counts, or differential counts (table 
3). Thus, hyaluronidase per se failed to cause 
any macroscopic tissue change locally at the 
injection site, or any significant hematologic 
or tissue hexosamine changes other than the 
plasma hexosamine. 

It is conceivable that trypsin, if given soon 
after a subcutaneous injection of hyaluronidase, 
may come in contact with and act on a greater 
amount of the same type of protein which gave 
rise to the “nodules,” or perhaps come in 
contact with and act upon a new type of pro- 
tein substrate. To learn whether trypsin intro- 
duced subcutaneously into tissues recently 
treated with hyaluronidase would result in 
(a) “nodule” formation or other local lesions, 
(b) other visceral lesions, (c) any significant 
tissue and/or plasma hexosamine changes, 
and (d) any significant hematologic altera- 
tions, the following study was instituted. 

Three-tenths of a milliliter of a 2 per cent 
hyaluronidase solution containing 6 mg. of the 
enzyme was subcutaneously injected into a 
shaved area on the plantar aspect of each of 
the hind legs of a series of 11 rabbits. An im- 
mediate, complete, and dramatic diffusion of 
the inoculant occurred without any immediate 
or delayed local reaction. Twenty minutes 
later, 1.0 ml. of a 1 per cent crystalline trypsin 
solution containing 5 mg. of the enzyme (5! 
per cent of the enzyme preparation consists «f 
magnesium sulfate), was subcutaneously ii 
jected into these very same areas. This inoc' 
lant diffused from the injection site almost «5 
rapidly as did the hyaluronidase. This is | 
contrast to the very slow diffusion whic 
occurred when trypsin alone was injected.” 
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Nevertheless, within five to seven days there 
appeared locally at each of the injection sites 
a cistinet, firm, nontender, well-defined, ele- 
vaied mass, which progressively increased in 
siz to attain its maximum in fifteen to twenty 
days and then slowly regressed. At the ter- 


of the tissue hexosamine content occurred at 
the site of the subcutaneous injections of tryp- 
sin and hyaluronidase (table 2, fig. 1). It is to be 
noted (fig. 1) that the hexosamine elevation 
which occurred within twenty-four hours after 
inoculation persisted throughout the thirty-day 


laBLE 3.—Comparison of Hematologic Changes in Rabbits following a Single Subcutaneous Injection of 
Hyaluronidase and following a Single Subcutaneous Injection of Crystalline Trypsin into a 
Hyaluronidase-Treated Area* 


Total R.B.C.+ (millions) 


No. of Animals | 
Beaniied No. of Counts : ea: 


Performed Mean o Mean 


W.B.C.t (thousands) 


Untreated....... 36 36 5.64 0.90 7.19 
2% lwaluronidase solution. .... 1] 17 5. 0.76 8.21 
2% ivaluronidase plus 1% erys- 

talline trypsin solution. ..... 11 17 “f 1.50 } 9.94 


* All values cover the entire experimental period. 
t Red blood cell count. 


t White blood cell count. 


8.00 


7.00 


Upper Limit of Normal 
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TIME (DAYS) POST INOCULATION 
Fig. 1.—Comparison of hexosamine contents of injection sites and “nodules’’ following a single 
subcutaneous injection of hyaluronidase, and following a single subcutaneous injection of crystal- 


line trypsin into a hyaluronidase-injected area. 


mination of the thirty-day period of experiment, 
the masses, although small in size, were still 
pre-ent at the injection sites (table 1). At no 
tim» during the experimental period was there 
an. evidence of erythema, fluctuation, necrosis, 
slo.gh, breakdown, eschar, or fixation to the 
unverlying tissue associated with the develop- 
ment of the “nodules.” A significant elevation 


experimental period. Other tissues such as the 
tendon of Achilles and the skin over the quad- 
riceps femoralis did not exhibit any significant 
change in the tissue hexosamine content (table 
2). A significant elevation of the plasma hexos- 
amine content was likewise observed (table 2). 
The insignificant amount of hexosamine present 
in the inoculants could not account for the 
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hexosamine changes noted. The entire inoculat- 
ing dose of crystalline trypsin contained 0.006 
mg. hexosamine, and that of hyaluronidase 
contained 0.0018 mg. hexosamine. The injec- 
tion sites and ‘‘nodules” exhibited an increase 
in hexosamine content, averaging forty times 
the hexosamine content of the inoculant. Of 
particular interest is the fact that these rabbits 
exhibited a leukocytosis which was significantly 
elevated above the normal (table 3). However, 
there was no significant change in the red blood 
cell counts or differential counts. 


DIscUssION 


The rapid, dramatic, and complete diffusion 
of the subcutaneously injected hyaluronidase 
is in Meyer’s opinion due to the ‘““depolymeriza- 
tion of the hyaluronate gel, either by the 
hydrolysis of the glucosaminidic linkage or by 
hydrolysis of the anhydride linkages.’’! Other 
than this, subcutaneously injected hyaluroni- 
dase did not give rise either to any macroscopic 
tissue change, or to any significant tissue hexos- 
amine alteration either locally or elsewhere, 
nor were there any significant hematologic 
changes. An outstanding exception to these 
findings is the significant elevation of the 
plasma hexosamine content which occurred in 
those animals treated with hyaluronidase 
alone. This observation points out the lack of 
any necessary correlation between the changes 
of the plasma hexosamine and the hexosamine 
contents of the tissues studied. Similar plasma 
results. were noted in the animals treated with 
chymotrypsin, lysozyme, or bovine serum 
albumin." 

The subcutaneous “nodules” which de- 
veloped at the sites where crystalline trypsin 
was injected into a hyaluronidase-treated area 
were macroscopically very similar to those 
which occurred following the subcutaneous 
injection of trypsin alone.” In addition, the 
developmental course of these “nodules” was 
very similar to that which occurred in the 
animals inoculated with trypsin alone, as 
evidenced by the fact that in rabbits treated 
successively with hyaluronidase and trypsin, 
the “nodules” appeared. in five to seven days, 
and reached their maximum size in fifteen to 
twenty days (table 1). In the series treated 


with trypsin alone, “nodules” developed in 
four to seven days and attained their maximim 
size in fourteen to eighteen days.” Anot!er 
feature common to both these series was {ie 
significant elevation of the plasma hexosamie, 

Another very interesting observation notod 
in the rabbits which were treated with bi: th 
hyaluronidase and trypsin was the signific: nt 
increase in the white blood cells (table 3). Vo 
significant alteration of the red cell count or 
differentials occurred. 

In view of the fact that hyaluronidase per se 
did not elicit any significant hematolozie 
response, and particularly in view of the fuct 
that the two groups of rabbits of this study, 
except for the addition of a second inoculant to 
one group, were subjected to and maintained 
under the same conditions and treatment, it 
would appear that the leukocytosis was some- 
how related to the enzyme trypsin. Evidence 
in favor of this view is the observation that 
similar hematologic changes occurred in rabbits 
which received trypsin either subcutaneously or 
intravenously, whereas saline did not provoke 
any significant hematologic change.'* 

It is a matter of conjecture whether chon- 
droitin sulfate, a second mucopolysaccharide 
present in skin, ° which is, according to Meyer; 
“firmly bound to protein” and ‘hydrolyzed 
by testicular hyaluronidase to varying de- 
grees,” played any part in the results obtained. 

The fact that the hyaluronidase preparation 
is completely devoid of any proteolytic activity, 
as determined by the Anson-Mirsky method," 
adds weight to the view that the “nodule” 
formation, significant hexosamine changes of 
the injection sites and ‘nodules,’ and _ sig- 
nificant white blood cell count increase were 
somehow related to the proteolytic enzyme, 
trypsin. 


SUMMARY 


1. Five to seven days following a single su!- 
cutaneous injection of 1.0 ml. of a 1 per cen! 
crystalline trypsin solution into the plant 
aspect of the hind legs of rabbits which we)» 
previously ‘inoculated with 0.3 ml. of a 2 p:” 
cent hyaluronidase solution, there develope | 
at the injection sites distinct, firm, nontende 
elevated masses. 
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’. The ‘‘nodules” progressively increased in 
siz to reach their maximum in fifteen to 
two nty days postinoculation. 

At no time during the developmental 
course of these ‘nodules’ was there any 
evilence of erythema, tenderness, eschar, 
nec osis, breakdown, fluctuation, or fixation 
to ‘he underlying tissue. 

| A significant increase in the hexosamine 
conient of the injection sites and of the 
“nodules” which subsequently developed was 
observed to oceur soon after the injection of 
cry-talline trypsin into the hyaluronidase- 
tre:ted area and persisted throughout the 
thiriv-day period of observation. 

5. A significant inerease in the white blood 
eell count, unassociated with any significant 
change in the red blood cell count or differential 
count, was observed to occur only in those 
rabbits which received the subcutaneous injec- 
tions of both hyaluronidase and trypsin. 

(. The subcutaneous injection of 0.3 ml. of a 
2 per cent hyaluronidase solution, with one 
exception, did not give rise to any macroscopic 
tissue changes or tissue hexosamine changes, 


either locally or elsewhere. The one exception 
was the occurrence of a small superficial area 
of necrosis at one injection site in only one 
animal. 


7. The occurrence of a significant elevation 
of the plasma hexosamine in the group which 
did not exhibit any significant tissue hexos- 
amine change illustrates the lack of any 
necessary correlation between the plasma and 
tissue (studied) hexosamine following the sub- 
cutaneous introduction of the test substance. 
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QRS-T Patterns in Multiple Precordial 
Leads that May Be Mistaken for 


Myocardial Infarction 


I. Left Ventricular Hypertrophy and Dilatation 


By Gorvon B. Myers, M.D. 


The electrocardiograms of patients in whom myocardial infarction was excluded at autopsy are 
presented to bring out the following features of left ventricular hypertrophy that may be mis- 
taken for myocardial infarction: (1) QS patterns and/or abnormal RS-T elevation in leads from 
the right precordium; (2) abnormal Q waves, multiphasic QRS and/or cove plane inversion of the 
T waves in leads from the transitional zone; (3) prominent Q waves, marked RS-T depression 
and/or sharply inverted T waves in leads from the left axilla. 


DETAILED analysis of the electro- 
cardiographic findings in 161 cases of 
pathologically established myocardial 

infarction has been presented,'~7 but little at- 
tention was devoted to differential diagnosis. 
Full consideration of the subject requires pres- 
entation of cases with electrocardiographic 
findings suggestive of myocardial infarction but 
without evidence of such at autopsy. 

Fifty cases have been selected for presenta- 
tion because of abnormalities in the QRS and 
or RS-T complex in Wilson precordial leads 
that might be mistaken for aberrations due to 
myocardial infarction. In all cases autopsy was 
performed and in none of the subjects was there 
pathologic evidence of myocardial infarction or 
of focal subendocardial myomalacia of the type 
attributed to coronary insufficiency by Master 
and associates.’ Postmortem examination in- 
cluded injection of the coronary arteries with 
radiopaque mass, roentgenogram, and subse- 
quent dissection according to a previously de- 
scribed technic in 42 of the cases (all except 
Cases 3, 5, 20, 21, 33, 34, 36, 44).° A large 
number of microscopic blocks was studied in 
many cases, in order to make certain that the 
possibility of myocardial infarction could be 
excluded. 

The absence of pathologic evidence of myo- 

From the Department of Medicine, Wayne Uni- 
versity, and City of Detroit Receiving Hospital, 
Detroit, Mich. 


‘ardial infarction, however, does not rule out a 
coronary origin for the electrocardiographic 
findings. Blumgart, Gilligan, and Schlesinger'’ 
produced temporary coronary occlusion in dogs 
and demonstrated electrocardiographic _ pat- 
terns typical of myocardial infarction in animals 
that showed no gross or microscopic evidence 
of a myocardial lesion at subsequent necropsy. 
Bohning and Katz!'' reported one patient with 
serial changes in Lead CF:, considered diag- 
nostic of a rapidly healing anteroseptal infare- 
tion, whose autopsy study two years later 
showed narrowing of both coronary arteries, 
but no evidence of occlusion or infarction. 

A definite electrocardiographic diagnosis of 
myocardial infarction had been made during 
life in 7 cases from this series (Cases 12, 17, 27, 
28, 31, 38, 41); a diagnosis of probable in- 
farection was made from the first tracing in 
Cases 11 and 49, and the possibility of infare- 
tion could not be positively excluded in several 
others. Upon reconsideration, after completion 
of the pathologic studies, it was concluded thiat 
the electrocardiographie findings had been mis- 
interpreted in all but one of the foregoing cases 
and were explicable upon a basis other thin 
myocardial infarction or the situation encown- 
tered by Blumgart and associates and by Bolin- 
ing and Katz. The findings in Case 12 were 1ot 
satisfactorily accounted for at autopsy and it 
is believed that an infaret was missed patholo:i- 
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cally because of an inadequate number of 
mic) oscopie blocks. 

The electrocardiographic patterns which may 
be mistaken for those of myocardial infarction 
inchide (1) left ventricular hypertrophy and 
dilatation, (2) right ventricular hypertrophy, 
(3) :ight ventricular dilatation, (4) left bundle 
branch block, (5) right bundle branch block, 
(6) alterations in blood potassium, (7) myo- 
cardial ischemia, (8) pericarditis and subepi- 
cardial myocarditis, and (9) arrhythmias caus- 
ing QRS distortion. The presentation of a 
sufficient number of cases for each of the fore- 
going nine groups was found too voluminous 
for a single manuscript. As a consequence, the 
study has been divided into four parts. The 
elect rocardiographic features of left ventricular 
hypertrophy and dilatation that may be mis- 
taken for those of myocardial infarction are 
considered in this article; the differentiation 
from right ventricular hypertrophy and dilata- 
tion, in the second; and the features of bundle 
branch block that may be confused with in- 
faretion, in the third; and the diagnostic errors 
that may be made in the presence of alterations 
in blood potassium, myocardial ischemia, peri- 
carditis, subepicardial myocarditis, and arrhy- 
thmias causing QRS distortion are considered 
in the final manuscript. 


Electrocardiographic Features Diagnostic of Left 
Ventricular Hypertrophy 


Left axillary and precordial leads facing the 
epicardial surface of an hypertrophied left ven- 
tricle characteristically display :: * (a) promi- 
nen! R wave with slightly prolonged ascending 
lim!) and slightly delayed peak, usually pre- 
ceded by a small Q wave less than 25 per cent of 
the amplitude of the R; (b) depression of the 
RS-T junction, accompanied by an inverted, 
dip iasie, or flattened T wave. Right precordial 
leas facing the epicardial surface of the right 
ver tricle or right atrium characteristically dis- 


pla: (a) minute R wave and abnormally deep 
anc prolonged S wave; (b) elevated RS-T junc- 
tio. and tall upright T wave. 


Electrocardiographic Features of Left Ventricular 
Hypertrophy that May Be Mistaken for Those 
of Myocardial Infarction 


The precordial electrocardiogram of uncom- 
plicated left ventricular dilatation and hyper- 
trophy may be mistaken for that of myocardial 
infarction because of: (A) exaggeration of the 
normal Q wave in left ventricular leads; (B) an 
RS-T pattern in left ventricular leads, char- 
acterized by either: (1) sharp inversion of the 
T wave accompanied by a slightly elevated or 
isoelectric RS-T junction instead of the custo- 
mary slight depression, (2) marked RS-T de- 
pression, (3) deeper inversion of the T wave in 
Lead V, than in V; or Ve, or (4) rapid changes in 
serial tracings; (C) QS deflections in Leads V, 
and V.; (D) abnormal elevation of the RS-T 
junction in leads from the right side of the pre- 
cordium; (E) bizarre QRS patterns in leads 
from the transitional zone, consisting of: (1) a 
multiphasic complex, (2) an abnormal initial 
downstroke; (F) abnormal RS-T complex at 
the transitional zone, including cove inversion 
of the T wave. These features are collectively 
illustrated by the electrocardiograms repro- 
duced in figures 1, 2, and 3, obtained in Cases 1 
to 12, inclusive. Autopsy revealed left ventricu- 
lar hypertrophy without infarction and without 
coronary occlusion or narrowing in ten of these 
patients and a normal heart in the other two 
patients (Patients 2 and 11). The electrocardio- 
grams of the two latter patients were repro- 
duced in figures 1, B and 3, A, respectively, 
because of Q waves in Lead V, that could be 
mistaken for those due to myocardial infare- 
tion. 

Exaggeration of the Normal Q Wave in Left ' 
Ventricular Leads. Q waves are present in Lead 
Ve. in the majority of normal subjects,’: “ and 
represent negative potentials transmitted from 
the endocardial surface of the left side of the 
septum and anteroapical wall of the left ventri- 
cle through the intervening structures to the 
axilla during the brief period that normally 
elapses before the impulse reaches the subendo- 
vardial layer of the lateral wall. The normal Q 
wave in left ventricular leads Vy, V5, and Vg is 
almost always less than 3 mm. in depth and 
invariably less than 25 per cent of the amplitude 
of the succeding R wave. : 
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Fic. 1.—Left ventricular hypertrophy with electrocardiographic features suggestive of myo- 
cardial infarction. A, Case 1; B, Case 2; C, Case 3; D, Case 4; E, Case 5; F, Case 6; G, Case 7; H, 
Case 8. 
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() waves of similar origin are present in 
Lea's Vs and Vs. in uncomplicated left ven- 
tricular hypertrophy”: and may be exag- 
gera'ed in amplitude as a result of: (1) the 
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obtained from Patient 1, a 26 year old man with 
rheumatic mitral and aortic insufficiency com- 
plicated by subacute bacterial endocarditis. The 
Q wave in Lead Vs from this patient ranged 
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-Left ventricular hypertrophy and dilatation with serial changes in RS-T pattern sug- 


gestive of myocardial infarction. A, Case 9; B, Case 10. 


gre ter voltage developed during activation of 
the hypertrophied septum, and (2) the im- 
proved transmission to the axilla because of the 
closer approach of the enlarged left ventricle to 
the thoracic cage. This is exemplified by the 
ele-trocardiogram reproduced in figure 1, A 


from 6 to 7 mm. in depth and was thus compar- 
able in absolute voltage to the Q wave recorded 
in this lead as a manifestation of anterolateral 
infarction.? However, the QRS pattern in Lead 
V; of figure 1, A could be recognized as a mani- 
festation of left ventricular hypertrophy, rather 
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Case A 


Fic. 3.—Serial electrocardiograms in Case 11 (A, 
above) and in Case 12 (B, facing page). 


QRS-T PATTERNS IN MULTIPLE PRECORDIAL LEADS 









than infarction, by the normal duration ot the 
( wave and by the exceptionally tall and ab. 
normally prolonged ascending limb of the suc- 
ceeding R wave. The upstroke ranged from 35 
to 38 mm. in amplitude, thereby makiig 4 
normal QR ratio of 15 to 20 per cent. The 
antemortem interpretation, based on Q dira- 
tion and QR ratio in Vs, was confirme:! at 
autopsy, which revealed rheumatic mitral and 
aortic insufficiency and subacute bacterial e:ido- 
‘arditis with marked left ventricular hy per- 
trophy, but without coronary disease or iyo- 
‘ardial infarction. 

Among a series of 1375 patients studied with 
multiple precordial leads and subsequently 
studied at autopsy, no case without pathologi- 
‘ally demonstrable infarction has been en- 
countered thus far in which the Q wave in left 
ventricular lead V, exceeded 0.03 second from 
onset to nadir, and 25 per cent of the amplitude 
of the subsequent R wave.* On the other hand, 
infarction confined to the subendocardial layer 
of the anterolateral wall may be accompanied 
by Q waves that are within normal limits, both 
as to duration and as to QR ratio. Whenever 
Q waves in the customary left ventricular leads 
approach the border line in duration or in 
relative amplitude, a repetition of the tracing, 
including high precordial leads, is advisable to 
investigate the possibility of a high antero- 
lateral infarct producing marginal zonal pat- 
terns in the customary leads.’ 

The amplitude and duration of the normal 
Q wave are usually greater in Lead V¢ than in 
V; and are, in turn, greater in V; than in \,. 
Case 2, figure 1, B is included because the Q 
wave measured 6.0 mm. in V4, 4.0 mm. in Vs, 
and 2.5 mm. in Vs. Although such relationships 
‘aise the question of anteroseptal infarction, 
the absolute amplitude of the Q wave loses its 
significance in this case when attention is di- 
rected to the time from onset to nadir of the 
downstroke and to the relative heights of ‘he 
R waves in the three leads. The duration of ‘he 
Q wave and the QR ratio are almost identival 
in Leads V,, V;, and Ve. and are within the limits 


* This statement is made subject to the condition 
that Lead V, reflects the potential variations of | ie 
left ventricle, because of the occasional finding 0’ 8 
QS pattern in V, owing to the axillary transmiss' 0 
of the potential variations of a dilated right ventri:le 
in a heart rotated markedly in a clockwise directi: 
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of normal. The interpretation, based on these 
two latter criteria, was confirmed by the find- 
ing of a normal heart at autopsy. Death was 
due to carcinoma of the colon. The parallel de- 
crease in amplitude of the Q and R deflections 
as the electrode was moved from the V, position 
into the axilla was a manifestation of the nor- 
mal loss of potential with increasing distance 
from the cardiac border. 

Suggestive RS-T Patterns in Left Ventricular 
Leads. The typical findings in leads facing the 
epicardial surface of the anterolateral wall of 
an hypertrophied left ventricle are slight to 
moderate depression of the RS-T junction and 
inverted to diphasic T waves, as illustrated by 
Lead V; of figure 1, H and Lead Vs of the trac- 
ing taken on February 2 in figure 2, A. Four of 
the more common variants which may be mis- 
taken for myocardial infarction are illustrated 
in figures 1 and 2 and will be discussed sepa- 
rately. 

Sharp Inversion of the T Wave, Accompanied 
by an Isoelectric or Even Slightly Elevated RS- 
T Junction: This may occur in association with 
left ventricular hypertrophy and may mimic 
the cove negative T waves associated with myo- 
cardial infarction. This is illustrated by the T 
waves in Leads V; and Vs of figure 1, D and 
those in V, and aV, of figure 1, C. These tracings 
were obtained from Patients 3 and 4, respec- 
tively, neither of whom had received digitalis. 

Lead aV, of figure 1, C exhibited the com- 
bination of upward bowing of the RS-T seg- 
ment and V-shaped inversion of the T wave, 
resulting in the cove curvature originally con- 
sidered diagnostic of myocardial infarction, but 
now identified with other lesions of the subepi- 
cardial layer of the myocardium. The tall initial 
R wave in these leads excluded the possibility 


of a central zone of transmural infarction and a | 


marginal zone of subendocardial infarction in 
the area subtended by the electrode, but was 
compatible with any of the following three pos- 
sibilities: (a) infarction limited to the subepi- 
cardial layer of the lateral wall, (b) marginal 
zone of subepicardial ischemia beyond the 
boundary of a high lateral infarct, (c) peri- 
carditis or subepicardial myocarditis. The latter 
alternative was in keeping with the clinical 
picture and was subsequently confirmed at au- 
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topsy. The patient’s death was due to uremia 
secondary to malignant hypertension and ‘he 
heart showed left ventricular hypertrophy com- 
plicated by subepicardial lesions typical of 
uremic myocardiopathy. The coronary arte? ies 
were patent and no gross or histologic evideiice 
of infarction was found. 

The contour of the T wave in Leads Vs, and 
Ve of figure 1, D was less typical, though ec n- 
patible with a specific lesion of the subepicar¢ ial 
layer, but was more in keeping with uncom- 
plicated left ventricular hypertrophy. In view 
of the abnormally small R waves in V3, and \’;, 
the possibility that the prominent initial R and 
inverted T waves of Leads Vs, and Vg reflecied 
the potential variations of the marginal zone 
beyond the boundary of the high anterolateral 
infarct should have been investigated by high 
precordial leads; however, this possibility was 
excluded by postmortem examination. The pa- 
tient died of cerebral hemorrhage six months 
after the electrocardiogram was made and au- 
topsy revealed uncomplicated left ventricular 
hypertrophy of hypertensive origin. 

Marked RS-T Depression in Left Ventricular 
Leads: Marked RS-T depression in left ventric- 
ular leads that might be mistakenly inter- 
preted as due to subendocardial ischemia or 
infarction?’ may occur in uncomplicated left 
ventricular hypertrophy as a result of: (a) 
digitalis effect, (b) coexistence of high P waves 
and tachycardia. 

The changes produced by digitalis in left 
ventricular leads are well known and consist in 
depression of the RS-T junction, straight down- 
ward sloping of the RS-T segment, steep ascent 
of the terminal limb of the T wave, and shorten- 
ing of the Q-T interval. The extreme degree of 
RS-T depression that may occur in left ven- 
tricular leads due to the combination of left 
ventricular hypertrophy and full digitalization 
is illustrated in figure 1, E (Case 5). The RS-T 
junction was depressed 6 mm. below the iso- 
electric line in Lead V; and 3.5 mm. in V; and 
Vs. Even without benefit of history, the RS-T 
depression can be attributed to digitalis, rather 
than to subendocardial ischemia or infarction, 
because of the characteristic shape of the | 
wave and the distinct shortening of the Q'! 
interval. The patient was admitted to the ho-- 
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pita’ with congestive failure and was digitalized 
before the electrocardiogram was made, but 
die: on the following day. Autopsy revealed a 
hue heart, weighing 1,000 grams, the enlarge- 
mei! being due principally to left ventricular 
hy} rtrophy of hypertensive origin. No evi- 
den. e of infarction, coronary occlusion, or nar- 
row ng was found. 

\\hen marked RS-T depression occurs in the 
abs-nee of certain of the classical manifesta- 
tions of digitalis, confusion may result, as il- 
lustrated by figure 1, F (Case 6). The patient 
had been admitted to the hospital with marked 
congestive failure, due to rheumatic aortic 
stenosis and insufficiency, and had received 
digitalis before the electrocardiogram was 
made. The 3-mm. depression of the RS-T junc- 
tion and the straightening of the RS-T segment 
in Lead V¢ could be explained by digitalis ac- 
tion in the presence of left ventricular hyper- 
trophy, but the contour of the T wave in both 
\, and left ventricular lead aV;, and the Q-T 
interval near the upper limits of normal!’ were 
atypical of digitalis effect. Postmortem exami- 
nation revealed a 787-gram heart with a mark- 
edly hypertrophied left ventricle and a very 
distended, but thin-walled, right ventricle. Ad- 
vanced aortic stenosis was present, but the 
coronary tree was widely dilated and there was 
no evidence of infarction. An acute epicarditis 
and subepicardial myocarditis was demon- 
strated microscopically and accounted for the 
modifications in RS-T pattern. 

Coexistence of a deep auricular T wave and 
tachycardia may lead to marked pseudodepres- 
sion of the RS-T segment,’ that could be mis- 
taken as evidence of subendocardial ischemia 
or infaretion. This is exemplified by Leads V, 
through V,_ of the tracing of February 19 in 
figure 2, A and will be discussed below. 

deeper Inversion of the T Wave in Lead V, 
Than in V5; and V¢: This finding, as in figure 1, 
G :nd H, may arouse the suspicion of antero- 
sey'al infaretion. These tracings were obtained 
fron Patients 7 and 8, respectively, neither of 
whom had received digitalis previously. The 
po sibility of a transmural anterior infarct was 
ex luded in both cases by the insignificant Q 
w: ve and tall R wave in left ventricular leads. 
A ite infarction limited to the subendocardial 


layer was ruled out by QRS pattern and the 
lack of sufficient RS-T depression. On the other 
hand, the possibility of infarction or inflamma- 
tion limited to the subepicardial layer was ex- 
cluded by the fact that the RS-T junctions were 
depressed rather than elevated or isoelectric. 
The RS-T patterns in Leads V, through V; of 
both patients were therefore ascribed to left 
ventricular hypertrophy. The progressive dim- 
inution in the depth of the inverted T wave 
as the electrode was moved from the C, to the 
C, position was attributed to loss of potential 
with increasing distance from the heart. This 
explanation was strongly supported in Case 7 
(fig. 1, G) by the parallel diminution in the 
amplitude of the R wave. A concurrent reduc- 
tion in amplitudes of the R and T waves was 
also noted in Case 8 when the electrode was 
moved from precordium to midaxilla, but not 
when it was shifted from the C; to the Cs posi- 
tion. The T wave in V, was slightly deeper than 
that in V;, but the R wave in V, was not quite 
as tall as that in V5. 

Patient 7 had no symptoms referable to the 
heart and died of carcinoma of the colon. 
Patient 8 was admitted to the hospital with 
congestive failure and expired suddenly of pul 
monary embolism. Autopsy revealed left ven- 
tricular hypertrophy of hypertensive origin in 
both patients, without infarction or coronary 
narrowing. Thus deeply inverted T waves that 
progressively diminish as the electrode is moved 
from the C, to the Cs position may occur as a 
manifestation of uncomplicated left ventricular 
hypertrophy and are usually, though not neces- 
sarily, accompanied by parallel decrease in the 
amplitude of the R waves. 

Rapid Changes in RS-T Segment and T. 
Waves of Left Ventricular Leads in Serial 
Tracings: These often arouse the suspicion of 
myocardial infarction, but may occur in associ- 
ation with left ventricular dilatation and hyper- 
trophy without demonstrable myocardial le- 
sion, particularly when the heart is subjected 
to some extrinsic stress. This is exemplified by 
figure 2, which reproduces the serial electro- 
cardiograms of two patients with thyrotoxicosis 
and associated left ventricular dilatation and 
hypertrophy. 

Patient 9 (fig. 2, A) was a 34 year old woman 
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with severe Graves’ disease. The tracing of 
January 27, 1943, obtained when the basal 
metabolism rate was +80, showed very tall R 
waves in Leads V; and V¢, which were of normal 
duration and thus not diagnostic of left ven- 
tricular hypertrophy. In Leads V, and I, the 
RS-T segment was slightly depressed and the 
T wave, inverted, whereas in Lead V, the T 
wave was coarsely notched. Subsequent elec- 
trocardiograms showed significant changes in 
the RS-T segments and T waves, but not in the 
QRS complexes. The tracing of February 2, ob- 
tained when the basal metabolism rate had 
fallen to +51 under iodides, showed a diphasic 
wave in Lead V¢, a doubled T wave in V4, and 
flattened T wave in Lead I. Although the basal 
metabolism rate did not decrease further, the 
record of February 11 showed normal upright, 
pointed T waves in all leads. Cardiac glyco- 
sides could be positively excluded as a cause of 
the RS-T changes, since none was given to this 
patient at any time. Because of the absence of 
significant changes in the QRS complexes, the 
RS-T evolution in the tracings made between 
January 27 and February 11 was much more 
likely due to subsidence of external stress upon 
the left ventricle than to healing of a small myo- 
‘ardial infarct. 

Thyroidectomy was performed on February 
17 and was complicated by a postoperative 
thyroid crisis. Electrocardiogram on February 
19, obtained during the crisis, showed a sinus 
tachycardia of 154 and striking changes in the 
RS-T segment of Leads III, Vs, and Ve, without 
significant alterations in QRS. Although the 
QRS-T pattern in Lead III was strongly sug- 
gestive of recent posterior infarction, the di- 
agnosis is not justified unless parallel changes 
can be demonstrated in Lead II and particu- 
larly in Lead aVy.® Lead aV> was not obtained on 
this patient, but the findings in Lead IT failed to 
confirm the presence of posterior infarction. The 
apparent RS-T depression in Leads V,, and Vz, 
might have represented a reciprocal effect of a 
recent posterior infarction or a direct effect of 
acute ischemia or infarction limited to the 
subendocardial layer of the anterolateral wall; 
however, the contour of the RS-T segment and 
T wave was not typical of either of these al- 
ternatives. More careful study showed that the 


depression was apparent, rather than real, and 
was due to two factors: (1) the presence of 4 


tachycardia sufficient to cause superimposi' ion 
of the P wave on the antecedent T and thereby 
prevent the usual diastolic return of the st ing 
to the isoelectric line, (2) a prominent auricilar 
T wave following an exceptionally tall P ws ye! 

The patient died on February 23 and aut. psy 
disclosed a 420-gram heart, showing left -en- 
tricular hypertrophy, ascribed to thyrotosico- 
sis, after failure to demonstrate evidenc: of 
hypertension or other recognized causes. The 
coronary vessels were normal and no evidence 
of infarction was found in either the postcrior 
or the anterolateral walls. The postmortem 
findings were thus in keeping with the electro- 
‘ardiographic interpretation. The QRS-T pat- 
tern in Lead III was probably derived princi- 
pally from its left arm component. Although 
Lead aV; was not obtained, the findings in 
Lead I suggested that the potential variations 
of the left arm paralleled those of the V,, and 
V, positions. Thus the Q wave, elevated RS-T 
junction, and inverted T wave of Lead III 
represented, respectively, the reciprocals of the 
prominent R wave, depressed RS-T junction, 
and upright T wave, which should have been 
recorded in Lead aV,. 

The patient whose electrocardiograms are 
reproduced in figure 2, B (Case 10) was ad- 
mitted tothe hospital with thyrotoxicosis com- 
plicated by auricular fibrillation, congestive 
failure, and right lower lobar pneumonia and 
received 1.6 Gm. Cedilanid prior to the electro- 
‘ardiogram of September 11, the second hos- 
pital day. The QR pattern in Leads V; and V, 
was indicative of left ventricular hypertrophy. 
The inverted T waves of Leads V¢ and I and 
the diphasic T wave of V, were probably not 
due exclusively to digitalis, because of the sub- 
sequent appearance of upright T waves in these 
leads despite continuation of digitalis in do-es 
sufficient to maintain the apical rate between 
50 and 60. The improvement in the T waves 
was in keeping with decrease in load upon thie 
left ventricle, consequent upon recovery from 
the pneumonia, and decrease in the thyrotoxiv)- 
sis. 

Thiourea was employed and the course ws 
complicated by a toxic psychosis, which led 0 
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deat! on October 14. The heart weighed 478 
gran's and showed left ventricular hypertrophy, 
belie.ed to have been due to hyperthyroidism 
beea'ise of the failure to find evidence of hyper- 
tension or other known causes. The coronary 
yess;'S Were normal and the myocardium 
showed no evidence of infarction. Thus, the 
seria changes in the T waves were not due to 
coronary disease. 

Qs Deflections in Leads V; and V2 (Fig. 1, C, 
D, F.). Such deflections may raise the question 
of iniaretion of the interventricular septum,' 
but are not diagnostic of a septal lesion because 
of their occasional presence in normal subjects,° 
and in persons with left ventricular hyper- 
trophy.'® The registration of a QS complex in 
Leads V; and V2 as a normal variant is favored 
by a cardiac rotation that brings the right 
atrium beneath the sternum, carries the left 
apex backward, and tilts the mitral orifice to 
the right and forward, thereby facilitating 
transmission of left ventricular cavity poten- 
tials through the interatrial septum to the 
precordium. Conditions suitable for the regis- 
tration of a QS deflection as a normal variant 
were present in Patients 4 and 6 (fig. 1, D, F), 
as shown by (1) distinet auricular intrinsicoid 
deflections in Leads V, and V2, indicating prox- 
imity of the electrode to the right atrium; (2) 
prominent late R waves in Lead aV a, indicating 
backward displacement of the left apex.'”: ' 
While the apparent relation of the electrode to 
the heart was strongly in favor of interpreting 
the QS complex of Patients 4 and 6 as a normal 
variant, it did not positively exclude the pos- 
sibility of septal infarction. On the other hand, 
the absence of demonstrable backward rotation 
in Lead aVx of Patient 3 did not rule out posi- 
tion! factors as the cause of the QS in Leads 
Vi and V2 of figure 1, C. 

When there is uncertainty as to the signifi- 
cance of QS complexes in V,; and V2 the follow- 
ing :dditional steps are advisable: (1) search 
for evidence of infarction in precordial leads to 
the ‘oft and right, (2) repetition of the tracing 
ina ‘lifferent posture to determine the stability 
of the QS pattern in Leads V,; and Vs». The find- 
ings n leads to the left of V2 were not diagnostic 
of i faretion in any of the three cases, but the 
abnormal elevation of the RS-T junction in 


Leads V; and V, of Patient 6 and the abnor- 
mally small initial R wave in the same leads of 
Patient 4 warranted further investigation. The 
abnormal RS-T displacement in Leads V; and 
V, of Patient 6, figure 1, 7, was referable to an 
epicarditis, as discussed above. Lead V;, was 
obtained from Patient 4 and revealed a QS 
complex similar to that in Lead V,, figure 1, D. 
This represented the expected finding if the 
QS pattern in V; and V2 were a normal variant. 
The tracings reproduced in figure 1, D, F were 
obtained with the patients in the sitting posi- 
tion. Repetition with the patients in the re- 
cumbent position revealed a distinct initial R 
wave in the first two precordial leads in Case 6, 
a small initial R wave in V,; and V, in Case 4, 
and a somewhat larger initial R wave in Leads 
V; and V,. This confirmed the interpretation of 
the QS complexes in V,; and V2 of Cases 4 and 6 
as a normal variant referable to cardiac posi- 
tion. On autopsy, no evidence of infarction of 
the septum was found in these two cases or in 
Case 3. 

Elevation of the RS-T Segment in Right Pre- 
cordial Leads. This is an expected finding in left 
ventricular hypertrophy and should not be mis- 
interpreted as evidence of myocardial infare- 
tion when the segment maintains its normal up- 
ward concavity and the T wave is upright and 
normal in shape, as in figure 1, C, D, G, H. Ex- 
cessive elevation of the RS-T segment in right 
precordial leads sufficient to arouse the sus- 
picion of infarction may occur in association 
with left ventricular hypertrophy as a result of 
(1) digitalization, (2) superimposed _pericar- 
ditis. 

The combined effects of digitalis and left 
ventricular hypertrophy on the RS-T segment 
and T wave in right precordial leads may mimic 
those associated with acute anteroseptal in- 
farction, as exemplified by figure 1, H (Case 5). 
Inspection of the first three precordial leads re- 
vealed the following changes suggestive of acute 
anteroseptal infarction: (a) marked RS-T ele- 

vation, amounting to 4 mm. in V;, 5 mm. in Ve, 
and 8 mm. in V3; (b) straightening of the RS-T 
segment; (c) precipitous descent of the T wave. 
However, the possibility of anteroseptal in- 
farction was rendered very unlikely by the 
prominent initial R waves, measuring 4 mm. 
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in V;, 10 mm. in V2, and 13 mm. in V3, and was 
excluded as a result of other evidence indicating 
that the RS-T patterns in V, through V; were 
referable to digitalis action, namely: (a) the 
shortening of the Q-T interval, (b) the fact that 
the RS-T complex in V, through V; was re- 
ciprocal to the digitalis RS-T pattern in V; and 
\V. As indicated above, autopsy revealed left 
ventricular hypertrophy without infarction and 
thus confirmed this interpretation. 

Although Patient 6 had left ventricular 
hypertrophy and had received digitalis prior to 
the electrocardiographic recording (fig. 1, F), 
the findings in the first four precordial leads 
could not be satisfactorily explained by this 
combination because the extreme upward RS-T 
displacement in right ventricular leads V; and 
V, was disproportionate to the slight elevation 
in right atrial lead V, and to the depression in 
V,. It was therefore necessary to consider the 
possibility that an acute anteroseptal infarct 
may have caused the RS-T elevation in V; and 
V, and may have produced reciprocal depres- 
sion in Vs. High precordial leads were taken, 
but revealed a small R, deep 8, and elevated 
RS-T segment comparable to that in Leads V; 
and V4. Anteroseptal infarction could not be 
ruled out by the absence of a diagnostic QRS 
pattern in a single tracing, but its possibility 
was excluded in this case by a study of previous 
electrocardiograms. The first tracing, made 
eight days prior to that in figure 1, F, showed 
RS-T depression in Vz, typical of digitalis ac- 
tion, but no abnormal elevation in right ven- 
tricular leads. The latter was first noted two 
days later and steadily increased in two inter- 
vening records, to reach a maximum in the 
tracing reproduced in figure 1, F. The serial 
changes in the RS-T segment in V3; and Vj, 
together with the presence of a constant QRS 
pattern, were indicative of pericarditis. The 
pathologic findings, as pointed out above, con- 
sisted of marked left ventricular hypertrophy, 
right ventricular dilatation and acute epicardi- 
tis, and subepicardial myocarditis. There was 
no evidence of infarction of the septum or an- 
terior wall. 

Bizarre QRS Patterns in Leads From the 
Transitional Zone. In taking the six precordial 
leads, the electrode is customarily moved from 


points over the right ventricle to points over the 
left ventricle. If the electrode happens to cross 
the septum when shifted from one chest )osj- 
tion to the next, an abrupt change from a: 78 
pattern, representing the potential variations 
of the right ventricle (Lead V, of figure 1, 4), 
to an Rs deflection, representing the pote tial 
variations of the left ventricle (Lead V; oi fig. 
1, A), is recorded.* On the other hand, it the 
electrode happens to straddle the antvrior 
terminus of the septum in one or more leads, 
transitional complexes, representing varying 
mixtures of right and left ventricular efficts, 
are recorded. The usual finding at the tr:nsi- 
tional zone is a QRS complex of relatively low 
voltage, consisting of R and S deflections that 
are intermediate in amplitude between those in 
adjacent leads to the right and left, as exempli- 
fied by V; of figure 1, B. These intermediate 
complexes often exhibit coarse slurring or notch- 
ing, as in Lead V, of figure 1, C and V; of figure 
1, H. Through determination of temporal re- 
lationships of such notches with the peaks of 
the R waves in leads to the right and left," 
these notches may be recognized as manifesta- 
tions of the transitional zone and not an indica- 
tion of an interventricular conduction defect. 
For example, the notch at the nadir of the § 
wave in Lead V; of figure 1, H is synchronous 
with the peak of the R wave in Lead V, and 
thus marks the arrival of the impulse of the 
epicardial surface of the anterior apical wall of 
the left ventricle. In a few cases of left ventricu- 
lar hypertrophy, bizarre QRS patterns, char- 
acterized either by a multiphasic complex or by 
an initial downstroke, may be found at the 
transitional zone and may be mistaken for 
patterns due to myocardial infarction unless 
analyzed in reference to the findings in adjacent 
leads. 

Multiphasic QRS Complexes at the Transi- 
tional Zone: From a hasty glance at figure 1, 
F, one might suspect a localized conduction 
defect in the anterolateral wall of the left 
ventricle from the quadriphasic rsR’s’ comp !ex 
in Vs, as compared with the smooth, unnotclied 
rS and Rs deflections in V, and Vg, respectively. 


* The lower case letter is used to indicate a r.a- 
tively small deflection, the upper case letter to in |i- 
cate a relatively large deflection. 
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The fact that the QRS interval, as measured 
in \,, was similar to that in V, is against such 
an interpretation. Furthermore, the peak of the 
initial R wave in Vs; was synchronous with the 
R \ave of right ventricular origin in Lead 
\., whereas the peak of the R’ deflection in V; 
was synchronous with the R wave of left ven- 
tricular origin in Vs. Hence, Lead Vs; was a 
transitional lead registering separately the in- 
trinsicoid deflections from the anterior walls of 
both: ventricles. Multiphasic QRS complexes of 
low voltage in the transitional zone are more 
difficult to analyze and may require additional 
leads. 

Prominent Q Wave at the Transitional Zone: 
() waves in the precordial leads that measure 
0.03 second or more from onset to nadir and 
excecd 25 per cent of the amplitude of the sub- 
sequent R wave are ordinarily the result of 
myocardial infarction, but occasionally may 
occur in leads at the transitional zone in the 
absence of infarction. The diagnostic diffi- 
culties under these circumstances are exempli- 
fied by Cases 11 and 12. 

Patient 11, a man 60 years of age, came to 
the Outpatient Department in June, 1947, with 
symptoms referable to carcinoma of the stom- 
ach. The first electrocardiogram, made on June 
27 and reproduced in figure 3, A, showed sinus 
rhythm interrupted by frequent premature au- 
ricular beats. The QRS-T pattern in the limb 
leads and in Vs and Vz was considered normal. 
In Leads V; and Vo, a minute initial R wave 
could be made out, followed by a deep S wave. 
This small initial R wave disappeared from V; 
and Vy, and a QS deflection was recorded in 
the former, a triphasic QRS complex in the 
latter. The triphasie QRS deflection in Lead 
\; began with a downstroke, which ranged 
from: 2 mm. to 5 mm. in depth and from 33 per 
cent to 200 per cent of the succeeding R wave. 
The change from an rS deflection in V2 to a 
QS in V; and the abnormal QR ratio in every 
evele of Vy pointed strongly towards antero- 
sepial infaretion, whereas the contour of the 
RS-f complexes indicated that infarction, if 
present, was old and healed. However, an un- 
equivocal diagnosis of anteroseptal infarction 
Was not justifiable from the precordial electro- 
carviogram for the following reasons: (1) the 


time from onset to nadir of the Q wave in V, 
was only 0.02 second; (2) Q waves were not 
detected in V; and Ve, as would have been ex- 
pected if an infarct had been responsible for 
the relatively deep Q waves in V3; and V4; (3) 
the Q waves were confined to leads that were 
transitional in type, as indicated by: (a) the 
low voltage of the QRS in V3, and V4, as com- 
pared to V2 and V;; (b) marked respiratory 
fluctuations in the depth of the Q wave and 
the QR ratio in Lead V3. 

During the course of preparation for oper- 
ation, the tracing was repeated to further in- 
vestigate the significance of the findings in V3, 
and V,. No essential change was found in the 
QRS-T pattern of Leads Vi, Vs, Vs, and Ve. 
In Lead V; there was a much larger 8 wave, 
comparable in voltage to the S wave of Vi, and 
V.. A small initial R was consistently present 
in Lead V3, but showed respiratory fluctuations 
in amplitude. The findings in Lead V; on July 
22 indicated that this lead reflected chiefly the 
potential variations of the right ventricle, 
rather than the transitional zone. Lead V, dis- 
plaved a prominent initial R wave and a tall 
upright T wave, similar to those in V;, and Ve, 
indicating that the electrode had crossed the 
septum and reflected the potential variations 
of the anteroapical wall of the left ventricle. 
The negative findings in leads immediately to 
the right and left of the septum in this tracing 
constituted further evidence signifying that the 
pattern in V; and V, of the first tracing was 
representative of transitional zonal effects, ra- 
ther than anteroseptal infarction. The patient 
died postoperatively and autopsy revealed a 
heart of normal weight with a widely dilated’ 
coronary tree and no evidence of myocardial 
infarction. There was moderate right ventric- 
ular dilatation, which may have represented 
a postoperative complication. 

Restudy, after the autopsy, of the tracing 
of June 27 uncovered the following additional 
data that might account for the unusual normal 
variations found in Leads V; and V;. The QRS 
interval measured 0.08 second in V,; and Vo, 0.07 
second in V; and Vy, and 0.06 second in V; 
and V,. This difference in time interval in- 
dicated that the forces responsible for the in- 
itial R in V; and V2 were not represented in the 
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remaining leads. The R wave in leads facing 
the right ventricle and atrium is generally de- 
rived in part from the septum and in part from 
the free wall of the right ventricle. Activation 
of the septum usually results in transmission of 
positive potentials to the right precordium and 
negative potentials to the left precordium, 
either because of earlier arrival of the impulse 
in the left side of the septum or greater magni- 
tude of forces developed in the left than in the 
right half of the septum. A comparison of the 
initial R waves in right precordial leads showed 
that it was largest in V,, the lead furthest re- 
moved from the septum, and decreased as the 
electrode approached the septum. This relation- 
ship, together with the absence of a Q counter- 
part in Leads V; and Vz, was strongly against 
a septal origin for the R wave in V; and Vs». 
On the other hand, the diminishing R wave in 
the first three leads was compatible with a 
right ventricular origin, since activation of the 
relatively thick base of the right venticle near 
the tricuspid orifice should produce greater 
electromotive force than activation of the rela- 
tively thin apex of the right ventricle. If de- 
polarization of the two sides of the septum 
began simultaneously and produced forces of 
approximately equal magnitude, one might ex- 
pect precordial transmission of negative po- 
tentials from the endocardial surface as a con- 
sequence of extinction of positive potentials in 
the center of the septum. The findings in Leads 
VY; and V, can be accounted for by this hypo- 
thesis, assuming that the electrode was situated 
just to the right of the septum at V; and strad- 
dled the septum at V,. The downstroke in Lead 
V; was probably initiated by negative poten- 
tials reaching the right ventricular cavity from 
activation of the right side of the septum and 
continued by left ventricular cavity potentials 
transmitted to the right after depolarization of 
the septum. The initial downstroke in Lead 
V, was probably derived from the right side of 
the septum in the same manner as the first part 
of the QS in V;, whereas the succeeding R 
wave was undoubtedly due to activation of the 
anteroseptal wall of the left ventricle, as shown 
by the synchrony of the intrinsicoid deflection 
with that in V;. The origin of the triphasic 
QRS complex in Lead V, of the tracing of June 


27 was thus analogous to the origin of the 


quadriphasic QRS in Lead V; in Case 6, fivure 
LF. 

The tracings reproduced in figure 3, B were 
obtained from Patient 12, a 46 year old man. 
who gave a history of shortness of breath on 
exertion since April, 1944, and sudden paroxys- 
mal nocturnal dyspnea on July 15, followed 
by progressive dependent edema. He denied the 
presence of chest pain. Physical examination 
revealed signs of rheumatic aortic stenosis and 
insufficiency complicated by marked congestive 
failure. The patient was partially digitalized 
during the last three days in July and received 
an additional 43 grains during the three-day 
interim between the two tracings. 

Sinus rhythm was present on August 1, ex- 
cept for two late ventricular premature beats 
of the fusion type in Lead III. Leads Vs, V,, 
and I showed a minute Q wave, tall slurred 
upstroke, slightly delayed intrinsicoid deflec- 
tion, slightly depressed RS-T junction, and 
diphasie T wave, typical of left ventricular 
hypertrophy. The deep S wave in V,, which ex- 
tended below the lower edge of the record, was 
consistent with left ventricular hypertrophy, 
but the initial R was unusually large, measuring 
0.8 to 1.0 millivolts, and raised the question of 
coexistent right ventricular hypertrophy. Some 
cycles of Lead V2 were similar to those of Vj; 
others displayed a minute Q, followed by a 
slightly smaller R, but a comparable 8 wave. 
A minute Q wave was consistently present in 
Lead V; and was followed by a much smaller 
upstroke, ranging from 1 to 3 mm. in amplitude. 
Lead V, showed marked fluctuations in the 
QRS contour, despite a uniform P-R interval 
and a regular ventricular rhythm. These fluctu- 
ations were present during quiet breathing, but 
were markedly accentuated by deep breathing, 
which was in progress while the strip dated 
August | was made. The variability of the QRS 
pattern in V, indicated that the electrode was 
at the transitional zone and was attributed to 
respiratory shifting in cardiac position. Never- 
theless, the prominent notched Q wave present 
in every cycle of V4 was interpreted as evidence 
of anteroseptal infarction, because of consistent 
prolongation in time interval from its onset ‘0 
nadir and because of an habitually abnorn:il 
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Q-R ratio. The diagnosis of anteroseptal in- 
faretion Was strongly supported by elevation 
of the RS-T junction in V; and Vy. The RS-T 
displ: cement in these leads could not have been 
4 trousitional phenomenon, since the RS-T 
junct.on was depressed in leads further to the 
right ind left, whereas the T wave, which was 
uprig it and doubled in V; and V4, was inverted 
to diphasie both in V; and in Vs; and Vz. A 
diagnosis of recent anteroseptal infarction was 
confi: med by the cove inversion of the T waves 
in V; and Vy, which took place during the next 
three days. These RS-T changes were believed 
independent of digitalis, not only because of 
the small dose administered during interim, 
hut also because of the lack of Q-T shortening. 
The QRS pattern was essentially the same as 
in the previous tracing, but the respiratory 
fluctuations were not as marked in V4 because 
of the fact that this tracing was made during 
quiet breathing. 

The patient returned to the hospital on Sep- 
tember 17, 1944, with congestive failure. An 
clectrocardiogram made the day following ad- 
mission showed no significant change in QRS 
pattern, except a T-wave evolution consistent 
with the healing of an infarction. Death oc- 
curred on September 20, 1944, and autopsy re- 
vealed a 637-gram heart, showing marked left 
and moderate right ventricular hypertrophy 
associated with rheumatic aortic stenosis. The 
coronary tree injected well and showed no 
narrowing or occlusion. The heart was opened 
by the Schlesinger technique and no evidence 
of infarction was found on gross inspection. 
Seven. microscopic blocks were taken from the 
anteroseptal wall of the left ventricle, extend- 
ing from apex to base, and showed no myo- 
cardial lesion apart from hypertrophy and 
slight perivascular fibrosis consistent with his 
old reumatie infection. Similar negative find- 
ings were observed in the posterior wall, but 
unfo tunately no blocks were taken from the 
later. | wall of the left ventricle. Discard of the 
gross specimen has made further pathologic 
stud. impossible. 

Pi ceeding upon the assumption that an 
infar t had not been overlooked pathologically, 
one ‘aight be tempted to explain the QRS pat- 
tern in V3 and Vy as a transitional zonal phe- 


nomenon analogous to that already discussed 
in connection with Case 11. However, the serial 
changes in RS-T complex could not be ac- 
counted for in this manner. Although the RS-T 
evolution was compatible with a localized area 
of acute pericarditis or subepicardial myocardi- 
tis, no traces were found at autopsy. Thus, 
we were dissatisfied with the hypothesis that 
the abnormal Q waves in V; and V4, fulfilling 
the criteria for infarction, represented a rare 
rariant of the transitional zone, whereas the 
RS-T evolution in the same leads was due to a 
localized, pathologically undetectable pericardi- 
tis. This made it necessary to reconsider the 
alternative possibility that an infarct was pres- 
ent in August, 1944, but was missed at autopsy 
seven weeks later. Complete healing during the 
interim cannot account for the discrepancy be- 
tween the electrocardiographic and pathologic 
findings because the Q-wave abnormalities were 
still present in a tracing obtained two days 
before death. Experience during the past four 
years with other cases, particularly Case 144 
of a previous report,’ has suggested a better 
explanation. The electrocardiogram in Case 144 
revealed abnormal Q patterns in V; and V4, 
but not in V; and V6, whereas autopsy dis- 
closed an infarct localized to the lateral wall of 
the left ventricle. The potential variations of 
the epicardial surface of this lateral infarct 
were transmitted to the precordium, rather 
than to the axilla, because of marked counter- 
clockwise rotation of the heart. Since a com- 
parable degree of counterclockwise rotation was 
present in Patient 12 of this series, it seems 
most likely that a lateral infarct was responsible 
for the QRS-T abnormalities in V3 and V4, but 
was missed at autopsy because of failure to 
take sections from the lateral wall. 

Midprecordial Leads with Bizarre RS-T Pat- 
terns Suggestive of Infarction. These may be en- 
countered as a result of: (1) displacement of the 
transitional zone for the T wave to the right 
of that for the QRS; (2) registration at the 
transitional zone of an intermediate RS-T com- 
plex, consisting of an RS-T segment resembling 
that in leads to the right and a T wave like 
that in leads to the left. 

The deeply inverted T wave in Lead V; of 
Patient 7, figure 1, G, in association with an 
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almost equiphasic RS deflection of transitional 
type, might raise the question of a marginal 
zone of subepicardial infarction. Its close re- 
semblance to the T wave in left ventricular 
lead V, suggested that the T wave in V3; was 
chiefly left ventricular in origin and, like that 
in Vy, could have been due to uncomplicated 
left ventricular hypertrophy. Autopsy con- 
firmed the latter and excluded infarction. The 
fact that the transitional zone for the T wave 
was located to the right of that for the QRS 
may have been due to counterclockwise rota- 
tion of the heart during mechanical systole, 
which begins during the registration of the 
intrinsicoid deflection. 

The inscription of an elevated RS-T seg- 
ment like that in leads further to the right, fol- 
lowed by sharp inversion of the T wave like 
that in leads to the left, may produce an effect 
simulating the cove negative T wave of recent 
myocardial infarction. This was observed in Pa- 
tient 47, as a manifestation of the transitional 
zone in uncomplicated left ventricular hyper- 
trophy and in Patient 31 with uncomplicated 
left bundle branch block, and will be reported 
in future communications. 


SUMMARY 


QRS-T patterns in Wilson precordial leads 
that may be mistaken for patterns due to 
myocardial infarction include those of left ven- 
tricular hypertrophy and dilatation; right ven- 
tricular hypertrophy and dilatation; left bundle 
branch block; right bundle branch block; al- 
terations in blood potassium; myocardial is- 
chemia; pericarditis and subepicardial myo- 
carditis; and certain arrhythmias. To bring 
out the differential diagnosis, cases have been 
selected for presentation in which myocardial 
infarction was diagnosed, or at least considered 
in the electrocardiographic interpretation dur- 
ing life, but was subsequently excluded by 
meticulous postmortem examination. The elec- 
trocardiographic differentiation of myocardial 
infarction from left ventricular hypertrophy is 
considered in this article and the differentiation 
from the remaining lesions will form the sub- 
ject of future reports. 

The electrocardiograms of 12 patients, in 
whom autopsy revealed either left ventricular 


hypertrophy or a normal myocardium and ey. 
cluded the possibility of myocardial infarction, 
have been presented because of one or more of 
the following signs suggestive of myocard'al jp. 
farction: 

A. Unusual depth of the Q waves cu-tom. 
arily recorded in leads from the left axi'la in 
the presence of left ventricular hypertroy vy or 
greater voltage of the Q wave in Lead V_ thar 
in V; or Vg. 

B. RS-T patterns in leads from the let pre- 
cordium or axilla, characterized by eithe®: (1 
sharp inversion of the T wave, accompanied by 
a slightly elevated or isoelectric RS-T junction, 
instead of the customary slight depression; (2) 
marked RS-T depression; (3) deeper inversion 
of the T wave in Lead V, than in V; or \; 
(4) rapid changes in serial tracings. 

C. QS deflections in Leads V,; and Vs». 

D. Abnormal elevation of the RS-T june- 
tion in leads trom the right side of the pre- 
cordium. 

EK. Bizarre QRS patterns in leads from the 
transitional zone, characterized by either: (1) 
a multiphasic complex, (2) an abnormal initial 
downstroke. 

F. Abnormal displacement of the RS-T seg- 
ment and/or inversion of the T wave in leads 
from the transitional zone. 

The correlation of electrocardiographic and 
pathologic findings and the differentiation from 
the pattern of myocardial infarction are 
brought out through a detailed analysis of each 
electrocardiogram. 
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QRS-T Patterns in Multiple Precordial 
Leads that May Be Mistaken for 
Myocardial Infarction 


a. Right Ventricular Hypertrophy and Dilatation 


By Gorvon B. Myers, M.D. 


The electrocardiograms of patients with pathologic evidence of right ventricular hypertrophy 
and/or dilatation and exclusion of myocardial infarction are presented to bring out certain features 
likely to be mistaken for myocardial infarction: (1) abnormal qR or QS patterns or cove plan 
inversion of the T waves in leads from the right precordium; (2) reduction in the amplitude of the 
initial R wave or replacement by a QS deflection and/or change from an upright to an inverted 1 
wave as the electrode is moved from the V; position to the transitional zone; (3) abnormal qrS de 


flections in leads from the left axilla. 


ETAILED descriptions have been pub- 
lished of the Wilson precordial elec- 
trocardiogram in right ventricular hy- 

pertrophy and dilatation,'~ and in anteroseptal 
infarction, | *'' but little attention has been 
devoted to the differentiation of these two 
conditions. The precordial leads in uncompli- 
‘ated right ventricular hypertrophy and /or dil- 
atation often show «bnormalities that resemble 
the pattern associated with infarction of the 
septum and/or anterior wall of the left ven- 
tricle. To bring out the differential diagnosis, 
15 previously unreported cases have been se- 
lected because of (1) findings in the precordial 
leads likely to be mistaken for myocardial in- 
faretion, (2) postmortem demonstration of right 
ventricular hypertrophy and /or dilatation and 
pathologic exclusion of myocardial infarction. 
The method of electrocardiographie and patho- 
logic study is similar to that employed in the 
preceding study." 


I. Rignr VENTRICULAR HyprertTRoPHY 


In right ventricular hypertrophy, leads from 
the right precordium may display one of the 
following signs'~*: (A) right bundle branch 
block; (B) a diagnostic pattern appearing in 
Lead V3p, usually in V;, and occasionally in 

From the Department of Medicine, Wayne Univer- 


sity, and City of Detroit Receiving Hospital, Detroit, 
Mich. 


V2, characterized by (1) a QRS of normal 
duration, (2) a prominent late upstroke, usually 
preceded by either a relatively small q wave 
or by a minute r and narrow s, resulting in a 
qR or rsR’ configuration, * (3) a delayed in- 
trinsicoid deflection that terminates at the iso- 
electric line or is followed by an abnormally 
small s (or s’) wave, (4) depression of the RS-T 
junction, and (5) inversion of the T wave; (C) 
evidence suggesting dilatation of the right ven- 
tricle, but not hypertrophy; (D) an electrocar- 
diogram showing no abnormality. In this see- 
tion, it is our purpose to present cases of right 
ventricular hypertrophy with more or less diag- 
nostic patterns in V3r, Vi, and/or aV x to 
bring out certain features that may be mistaken 
for those of myocardial infarction. Cases without 
diagnostic signs of right ventricular hypertrophy 
in precordial leads, but with changes referable to 
right ventricular dilatation, will be presented 
in Section II. Right bundle branch block will be 
deferred until the next communication. 

Electrocardiographie patterns referable to 
right ventricular hypertrophy may present cer- 
tain features that might be mistaken for those 
of myocardial infarction, namely: (A) the qR 
deflection in right precordial leads may be 
abnormally broad, suggesting right bundle 
branch block, due to septal infarction; (B) 

* The lower case letter is used to indicate a relatively 
small deflection; the upper case letter, to indic:'e¢ a 
relatively large deflection. 
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the () wave in right precordial leads may be 
nus ‘ally deep in proportion to the succeeding 
R. » sulting in abnormal ratios in the range 
cust: marily associated with myocardial infare- 


leads at the transitional zone, either finding 
suggesting anteroseptal infarction; (F) the nor- 
mal Q wave may persist in left ventricular 
leads, accompanied by marked reduction in the 


V5 





Fic. 1.Serial electrocardiograms in Case 13 


mre ‘ 


Fic. 2—Klectrocardiographie findings in right ventricular hypertrophy. A, Case 14; B, Case 15; C, 


Case 16; D, Case 17. 


tion: (C) sharp inversion of the T wave without 
the isual RS-T depression may occur in leads 
fro... the right precordium, and may resemble 
the “coronary” T wave; (D) localized reduction 
in he amplitude of the R wave, or (E) re- 
pla'ement by a QS deflection, may occur in 


R and exaggeration in the S wave secondary 
to right ventricular hypertrophy, thus produc- 
ing a pattern suggestive of anterolateral infare- 
tion. These features are collectively illustrated 
by the electrocardiograms of Cases 13 to 17, 
inclusive, reproduced in figures 1 and 2. 
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A. Abnormally Broad qR Deflection in Right 
Precordial Leads. As exemplified by the tracing 
of July 31, 1947, in figure 1, abnormally broad 
qR deflections in right precordial leads brings 
up the question of right bundle branch block, 
due to infarction of the septum. Both electro- 
cardiograms in figure 1 were obtained from 
Patient 13, a boy aged 13 years, who was ad- 
mitted to the hospital with congestive failure 
associated with rheumatic mitral stenosis and 
insufficiency complicated by a recent right sub- 
clavian thrombophlebitis and pulmonary in- 
farction. Despite maintenance of prothrombin 
concentration between 20 per cent and 30 per 
cent, the thrombophlebitis extended into the 
right jugular, the innominate, and left sub- 
clavian veins, and repeated pulmonary emboli 
occurred, resulting in increasing right ventricu- 
lar dilatation and failure. 

The tracing of July 11, obtained upon admis- 
sion, was considered diagnostic of right ven- 
tricular hypertrophy,’ because of (1) an abnor- 
mally large R wave in Leads V3z and V; 
with small antecedent Q wave in the former 
lead, but without succeeding S wave in either 
lead; (2) a time interval from beginning of the 
QRS complex to the onset of the intrinsicoid 
deflection that was abnormally long in V3, and 
V, and greater than in V;, and V,; (3) a prom- 
inent S wave in Leads V; and V,.* 


*Since this conclusion was reached, Kossmann and 
associates‘ have advanced a different interpretation 
based on new evidence, which must be reviewed and re- 
evaluated. These workers took leads around the cir- 
cumference of the chest and from within the right ven- 
tricular cavity in patients with clinical or pathologic 
evidence of right ventricular hypertrophy and found 
patterns in the customary precordial leads similar to 
that in the tracing of July 11 in Case 13. The qR pat- 
tern of Leads V; and V;, was demonstrated over the 
entire right side of the chest as far posteriorly as the 
Vsp position, whereas the rS pattern of V. was distri- 
buted over the entire left side of the chest from the 
V2 to the Vs position. They contended that (1) the rS 
pattern was transmitted from the right ventricle be- 
cause of its presence in Leads V2 through V4, which 
were anatomically over the right ventricle; (2) the 
qR pattern in all Jeads from the right side of the chest 
was transmitted from the left ventricle because of their 
observation that the hypertrophied right ventricle 
does not become as thick as the normal left ventricle 
and thus would not be expected to give rise to an 
R wave that is greater in amplitude and longer in dura- 
tion than the normal R from the left ventricle. 


Comparison of the electrocardiogram ob. 
tained on July 31, one day before death, with 
that taken on admission revealed a lensth- 


In an effort at an anatomic rationalization of «heir 
premise of predominant transmission of the pot: ntial 
variations of the left ventricle to the entire righ side 
of the chest, Kossmann and associates postulat.d an 
extreme degree of clockwise rotation. Sufficien car- 
diac rotation to permit transmission of the pot -ntial 
variations of the posterobasal wall of the left ve: ‘ricle 
to the right arm and thereby produce a promine?:: late 
R wave in Lead aVx, is a common observation. both 
in normal individuals and in patients with is: ated 
left ventricular hypertrophy. On the other hana. suf- 
ficient cardiac rotation to permit transmission ©! the 
potential variations of the posterobasal wall o' the 
left ventricle to the right precordium and thereby 
produce a prominent late R wave in V3, and V). like 
that in figure 1, has not been encountered in any of 
our patients proved to have a normal heart or pre- 
ponderant left ventricular hypertrophy at autopsy. 
All of our patients with such findings in V3, and V,, 
who have come to autopsy, have had definite evidence 
of right ventricular hypertrophy. If the positive po- 
tentials responsible for the late upstroke in V,, and 
V, of Patient 13 had been transmitted from the pos- 
terobasal wall of the left rather than from the right 
ventricle, a relatively larger R wave would have been 
expected in Lead aVx. The fact that the R waves in 
V; and V,, were much greater than the R wave in aVa, 
both in absolute voltage and in relative amplitude in 
respect to the antecedent Q wave, was in keeping with 
a right ventricular origin, but was strongly against a 
left ventricular source. 

It would appear that the studies of Kossmann and 
associates, made with simultaneous leads from the 
right ventricular cavity and precordium in another 
case of right ventricular hypertrophy, provide a more 
satisfactory explanation for the registration of a prom- 
inent late R wave in leads to the right of the midline 
and an rS complex in leads to the left. They found an 
rsR’r” complex in V2, and V; and an rsh’ complex in 
Leads V;, to V;p and demonstrated conclusively that 
the R’ deflection, which was comparable in amplitude 
to the R wave in Lead V;, of our Patient 13, was pro- 
duced by activation of the free wall of the right ven- 
tricle. They postulated that the late R wave was de- 
rived from the base of the hypertrophied right ven- 
tricle, which at autopsy is often thick and solid, in 
contrast to the apex, which is thin and trabecular. This 
may well account for the registration of a prominent 
late R wave in Leads V; and Vx, facing the thickex 
base of the hypertrophied right ventricle in Patic! 
13, and for the registration of an rS deflection in Le 
Vo, V3, and V, over the relatively thin apex of the 
pertrophied right ventricle. They also demonstra 
that the minute initial r wave in leads from the ri 
precordium was produced by septal activation and ‘1e 
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eniny of the QRS interval from 0.09 to 0.12 
secor'| without significant change in the rela- 
tive mplitudes of the component phases of 
the ‘’RS in the limb leads or in Leads V3p 
and ‘;. In the remaining precordial leads, the 
R w ve increased at the expense of the 5S. 
If th: tracing of July 31, 1947, were examined 
with ut benefit of history or without access to 
prev ous electrocardiographic studies, the pos- 
sibili vy of right bundle branch block due to 
sept! infarction would demand serious con- 
sider.tion. The broad, slurred Q wave and 
late peak of the R wave in V3z and V, were 
comparable to the findings in patients with 
pathologically proved septal infarction.’ The 
depression of the RS-T junction and straight- 
ening of the RS-T segment were atypical of 
infarction, but could be attributed to digitaliza- 
tion. However, in the clinical appraisal of this 
patient, no consideration was given to the pos- 
sibility of septal infarction because of the his- 
tory and previous electrocardiographic findings. 

The question arose as to whether the ter- 
minal lengthening in time of the QRS interval 
was due to right bundle branch block or to a 
conduction defect in the free wall of the right 
ventricle. The possibility of uncomplicated 
right bundle branch block was practically ex- 
cluded by the Q waves in V3z and Vj, since 
activation of the entire septum from left to 
right should have produced sufficient electro- 


intervening S was produced by negative potentials 
from the left ventricular cavity, transmitted during 
the interim between completion of septal activation 
and arrival of the impulse in the free wall of the right 
ventricle. In more distant leads, such as Ver to Vxr, 
the initial r wave disappeared. The left ventricular 
forees responsible for the R in Vg» produced a Q wave 
in V,., and the activation of the outer wall of the 
right ventricle resulted in the late R wave of Ver, 
comp'cting a qR complex, analogous to that in Lead 
Vsz 0 our Patient 13. In patients with a qR complex 
inV. and Vj, associated with right ventricular hy- 
pertr phy, the question remains as to whether the 
minu © initial r, due to early positivity of the right 
venti cular cavity, is lost in transmission to the pre- 
cord'.m or whether the right ventricular cavity is 
initis |y negative, due to reversal in the direction of 
mear: electrical forces associated with activation of an 
hype ‘rophied septum. Simultaneous right ventricular 
cavii and precordial leads will be needed to settle 
this uestion. 


motive force to have led to the registration of 
an initial R wave in these leads. Delay in 
arrival of the impulse at the base of the dilated 
right ventricle presumably permitted registra- 
tion of a Q wave in V3r and Vi, whereas slowing 
in the passage of the impulse through the 
hypertrophied ring of muscle near the tricuspid 
orifice probably accounted for the prolonged 
slurred R wave in the same leads. The increased 
amplitude and duration of the R wave in leads 
from the left precordium may have been due 
to a lesser degree of prolongation in activation 
of the thinner apical portion of the right ven- 
tricle. 

The heart weighed 357 grams and showed 
marked right ventricular hypertrophy, as evi- 
denced by a ratio of 1.1:1.0.!% The basal portion 
of the right ventricular wall measured 1.1 cm. 
in thickness, whereas the anteroapical one-third 
of the left ventricular wall measured 1.2 cm. 
in thickness. There was a marked rheumatic 
mitral stenosis, admitting only the tip of one 
finger. The coronary tree was widely dilated 
and there was no evidence of myocardial in- 
farction. There were multiple pulmonary in- 
farcts of various ages, involving the greater 
portion of both lungs. 

Upon reanalysis of the electrocardiograms in 
the light of the pathologic findings and the 
observations of Kossmann, it was concluded 
that the prominent late R waves in Leads V3r 
and V, of the first tracing were a manifestation 
of right ventricular hypertrophy and that the 
increased amplitude and duration of the Q 
and R waves in the same leads in the final 
tracing were referable to a conduction defect 
in the free wall of the dilated and hypertro- 
phied right ventricle. A right bundle branch 
block with loss of the customary initial R wave 
was considered unlikely in view of the hyper- 
trophy of the septum and dilatation of the 
right ventricle. 

B. QR Complex of Normal Duration with 
Relatively Deep Q Wave in Right Precordial 
Leads. This finding, resulting in abnormal 
ratios in the range customarily associated with 
myocardial infarction, may occur in association 
with right ventricular hypertrophy, as exem- 
plified by Patients 14 and 15, whose electro- 
cardiograms are reproduced in figure 2, 4 and 
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B. The QRS interval was normal in both cases, 
measuring 0.09 second in the former and 0.08 
second in the latter. Lead V, of figure 2, A 
displayed an initial downstroke, 3 mm. in depth 
and 0.03 second in duration, followed by an 
upstroke extending 3.5 mm. above the isoelec- 
tric line and attaining a peak at the end of 0.06 
second. Lead V2 also showed an equiphasic QR 
complex, lower in voltage, but comparable in 
time relationships to the QR deflection of V;. 
In Lead V; of figure 2, B there was a Q wave 4 
mm. in depth and 0.02 second in duration, 
followed by an R wave extending 8 mm. above 
the isoelectric line and attaining a peak 0.05 
second after the onset of the QRS complex. 
The QR deflection in Lead V» consisted of a 
downstroke 5 mm. deep and an upstroke of 3 
millimeters. 

If QR patterns, like those in V,; and V» of 
figure 2, A and B were recorded in leads facing 
the epicardial surface of the left ventricle, a 
diagnosis of infarction of the subendocardial 
layer of the subjacent left ventricular wall 
would be justified. However, the V; and V2 
positions were over the right atrium in Patient 
14, as evidenced by the diphasic P waves with 
steep intrinsicoid downstroke, and were ap- 
parently in the vicinity of the right atrium 
in Patient 15, as indicated by the fact that 
distinct f waves of auricular fibrillation were 
made out in V,, Vo, and V3, but not in precordial 
leads further to the left or in the limb leads. 

In the antemortem interpretation of both 
tracings, the prominent late R waves in V, 
and V2 were believed to have been derived 
from the basal portion of the right ventricle 
and were taken as evidence of right ventricular 
hypertrophy. Since then, Kossmann and as- 
sociates' have advanced the opinion that the 
qR deflections registered in leads from the 
right side of the chest in cases of right ven- 
tricular hypertrophy are transmitted from the 
posterobasal wall of the left ventricle to the 
right atrium, whereas the rS deflections re- 
corded in leads from the entire left side of the 
chest are transmitted from the right ventricle. 
This necessitated a reanalysis of our cases in 
the light of their interpretations. 

If the potential variations of the posterobasal 
wall of the left ventricle had carried through to 


the right precordium to produce the late R 
wave in V,, one would have expected bette; 
transmission to the right arm and a relatively 
larger R wave in Lead aVpx. The fact tha: the 
late R wave in V, of figure 2, B was much 
greater than that in aVr, both in actual a:pli- 
tude and in relative amplitude, was in ke: ping 
with a right ventricular origin, but was strongly 
against a left ventricular source. On the «ther 
hand, the similarity of the QR patteris jin 
Leads V,; and aV x of figure 2, A did not p imit 
conclusions as to their source and necessi ated 
utilization of other evidence. This was obt::ined 
through a comparison of the QRS patteras in 
the first two with those in the last four pre- 
cordial leads. The minute initial R and pyomi- 
nent S waves in V3; were evidently transit ional 
and the findings in V,, Ve, and those in V, 
through Vs were thus transmitted from opposite 
ventricles. The progressive increase in the R 
at the expense of the S deflection as the clee- 
trode was moved from the V4 to the V¢ position 
was compatible with transmission from the 
anterolateral wall of the left ventricle, but not 
from the apex of the right ventricle. The com- 
parative QRS patterns in the last four pre- 
cordial leads constituted strong indirect evi- 
dence, signifying that the QR complexes in 
V, and V. were derived chiefly from the right 
ventricle. Hence, reanalysis of these electro- 
cardiogr: ms in the light of the evidence brought 
forward by Kossmann and associates confirmed 
the original conclusion, namely, that the find- 
ings in V, and V2 of both cases were referable 
to right ventricular hypertrophy. 

Patient 14 was a 29 year old housewife, who 
gave a history of rheumatic heart disease since 
the age of 15 years and congestive heart failure 
of three months’ duration, precipitated by preg- 
nancy. The electrocardiogram in figure 2, 4 


was taken on admission, while the patient was 


in advanced congestive failure, but after partial 
digitalization. Death occurred two weeks later, 
as aresult of pulmonary infarction, and autopsy 
revealed fish-mouth mitral stenosis with 
marked right ventricular hypertrophy, the 1 ight 
ventricle equaling the left in weight. There was 
no evidence of myocardial infarction. 
Patient 15 was a 52 year old man, who ‘iad 
had rheumatic heart disease since the ag: of 
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21 vears and was admitted to the hospital 
wit!; acute congestive failure secondary to lobar 
pneumonia. The electrocardiogram reproduced 
in } gure 2, B was obtained after the adminis- 
tra‘ion of 0.8 mg. of Cedilanid. Death occurred 
fou. days later and autopsy revealed a 478- 
gra’ heart with fish-mouth mitral stenosis and 
ma:ked right ventricular hypertrophy. The 
bas: portion of the right ventricular wall meas- 
ure! 1.3 em. in thickness, whereas the apical 
por'ion of the left ventricular wall measured 
1.4 em. in thickness. There was no evidence 
of nvocardial infarction. It was, therefore, con- 
cluded that the abnormal QR patterns in Leads 
\, and V2 of this and the preceding patient 
were due to right ventricular hypertrophy. 

C. Sharp Inversion of the T Wave without 
the Customary RS-T Depression in Leads From 
the Right Precordium. This finding may occur 
in association with right ventricular dilatation 
and hypertrophy and the pattern may resemble 
the “coronary” T wave. This is exemplified 
by Lead V, of Patient 16, figure 2, C. This 
patient was a 25 year old man, who gave a 
history of rheumatic heart disease since the age 
of 19. years and was admitted to the hospital 
because of sudden severe orthopnea and pleural 
pain referable to pulmonary infarction. 

The electrocardiogram was obtained on ad- 
mission before the administration of cardiac 
glycosides. The terminal portion of the in- 
verted T wave of V,; was interrupted by a large 
diphasie P wave. The broad slurred postin- 
trinsicoid negative phase of this P wave was 
ascribed to left auricular hypertrophy. The 
QRS interval was 0.08 second. Careful scrutiny 
of Lead V, revealed an rsR’ complex of the 
type previously attributed to incomplete right 
bundle branch block.* However, as Kossmann 
and associates' have pointed out, the brief 
duration of the initial R wave was compatible 
With normal septal activation and militated 
against a conduction defect in the septum. The 
prominent late R’ deflection was attributed to 
act vation of the hypertrophied free wall of the 
right ventricle’ and was indicative of right 
ventricular hypertrophy. It is noteworthy that 
the minute initial R wave of V, could not be 
male out in Lead V3x. This lead displayed 
merely a qR complex comparable to the sR’ 


deflection of V,;. The slight elevation of the 
RS-T junction in V, and the sharp inversion of 
the T wave resulted in a pattern suggestive of 
the “coronary” T wave. However, sharp in- 
version of the T wave of this degree may be 
associated with right ventricular hypertrophy, 
particularly when accompanied by acute right 
ventricular dilatation, as in acute pulmonary 
embolism. The elevation, rather than the cus- 
tomary slight depression of the junction follow- 
ing the rsR’ complex in V,, was unusual in 
right ventricular hypertrophy, but could be 
explained by superimposition of a prominent 
upright auricular T wave. The latter would 
have been expected after the deep, broad nega- 
tive phase of the P wave. 

Death occurred on the third hospital day 
from infarction of both lower lobes and autopsy 
revealed a fish-mouth mitral valve. The right 
ventricle was markedly hypertrophied and al- 
most equaled the left ventricle in weight and 
thickness. The base of the right ventricle was 
1.2 em. in thickness, whereas the anteroapical 
wall of the left ventricle was 1.4 em. in thick- 
ness. There was no evidence of myocardial in- 
farction. Thus, the rsR’ complex and the 
sharply inverted T wave of Lead V, were re- 
ferable to right ventricular hypertrophy. 

D. Localized Reduction in the Amplitude of 
the R Wave at the Transitional Zone. This is a 
common finding in uncomplicated right ventric- 
ular hypertrophy and must be differentiated 
from localized reduction in the amplitude of the 
R wave in a left ventricular lead occurring as a 
residue of healed anteroseptal infarction.!: 7 

The initial R wave in Lead V; in Case 14, 
figure 2, A, was reduced below 1 mm., but was 
readily recognized as a manifestation of the 
transitional zone by comparison with patterns 
in leads to the right and left. In the presence of 
definite signs of right ventricular hypertrophy 
in V,; or in both V,;, and V2, no significance 
should be attached to localized reduction in the 
amplitude of the R wave in a lead further to the 
left unless one can be certain that the electrode 
is well beyond the transitional zone and over 
the anterolateral wall of the left ventricle. 

E. QS Deflection in Leads at the Transitional 
Zone. This may occur in association with un- 
complicated right ventricular hypertrophy and 
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may be mistakenly interpreted as due to an- 
teroseptal infarction. The diagnostic difficulties 
are exemplified by Leads V3; and V, in Case 15, 
figure 2, B. These leads displayed a QS de- 
flection containing an R equivalent in the form 
of slurring located near the beginning of the 
downstroke. These findings would have been 
interpreted as evidence of old anteroseptal in- 
farction, if a normal rS deflection had been 
present in right ventricular Leads V,; and V2 or 
if an abnormal Q wave had been recorded in 
left ventricular Lead Vs. The QS deflections in 
V; and V, and the minute R wave and early 
notch on the downstroke of the S wave in V; 
were considered a transitional zonal effect be- 
cause of the prominent late R wave referable 
to right ventricular hypertrophy in Leads V; 
and V2 and because of the distinct initial up- 
stroke in Ve, the first lead distinctly to the left 
of the transitional zone. In patients with right 
ventricular enlargement, the pathway of the 
electrode is often parallel to the long axis of the 
septum, and the electrode may lie directly over 
the anterior terminus of the septum in posi- 
tions Ve, V3, and/or V4. The QS complex oc- 
casionally recorded in such leads in the absence 
of infarction probably represents cavity po- 
tentials, transmitted because of cancellation of 
opposing vectors, derived from septal activa- 
tion by impulses proceeding from its two endo- 
cardial surfaces. 

The clockwise rotation commonly associated 
with right ventricular dilatation and hyper- 
trophy facilitates transmission of the potential 
variations of the transitional zone or right 
ventricle to the left arm. The QS deflection in 
Lead aV, was attributed to transmission of the 
potential variations of the transitional zone 
rather than to lateral infarction in the ante- 
mortem interpretation, but high precordial and 
axillary leads should have been taken for more 
definite exclusion of the latter. 

The foregoing electrocardiographic analysis 
was confirmed at autopsy, which, as already 
described, revealed fish-mouth mitral stenosis, 
marked right ventricular hypertrophy, and no 
evidence of infarction. A number of micro- 
scopic blocks were made in order positively to 
exclude the presence of infarction. 

I’. Persistence of the Normal Q Wave in Left 


Ventricular Leads Accompanied by Marked /?e- 
duction in the R and Exaggeration of the § 
Wave. This condition, when secondary to rivht 
ventricular hypertrophy, may result in a pre- 
cordial electrocardiogram that may be readily 
mistaken as representative of anterolateral in- 
farction. This is illustrated by figure 2, D, 
reproducing the electrocardiogram in Case 17, 
The patient was a woman, 74 years of ize, 
with a marked pigeon-breast deformity. she 
was hospitalized because of strangulated hernia 
and was studied electrocardiographically during 
convalescence from an exteriorization of ‘he 
gangrenous bowel together with ileostomy. 

In Lead V,, a normal rS complex was re- 
corded; in Lead V2, a QS deflection, containing 
an R equivalent in the form of a small early 
notch; and in V3, V4, Vs, and Vg, a triphasic 
QRS was registered. The last four leads <is- 
played a Q wave of constant depth and dura- 
tion (2 mm. in amplitude and 0.02 second from 
onset to nadir), an R wave which decreased in 
height as the electrode was moved to the left, 
and a prominent S wave throughout. This 
latter finding, together with the large R wave 
in Lead aV x, raised the question of right ven- 
tricular hypertrophy and led to the taking of 
Lead V3x. This lead showed an rS complex like 
that in V,, and thus failed to support the sus- 
picion of right ventricular hypertrophy. An 
antemortem diagnosis of old healed antero- 
lateral infarction was accordingly made because 
of the QS deflection in V2 and the abnormal QR 
ratio in V; through Vz in the presence of a 
normal rS complex in V3z and V,. The notched 
QS deflection in Lead aVy was interpreted as 
evidence of continuation of the infarct into the 
posteroapical wall of the left ventricle. 

Death occurred four weeks after admission 
following a second operation, and autopsy re- 
vealed chronic cor pulmonale with moderate 
right ventricular hypertrophy, as evidenced hy 
a ratio of 1.2 and a right ventricular thickness 
of 1.0 centimeter. No evidence of infarction was 
found on careful gross examination or in mul!i- 
ple microscopic blocks. 

Upon reconsideration of the electrocardi:- 
gram in the light of the pathologic findings, 't 
would appear that more significance shouid 
have been placed on the prominent doubl:- 
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pe:ked R wave in Lead aV,. The fact that the 
ventricular complex in aV, began with an 
up-troke rather than a Q wave indicated trans- 
mi-sion from the right rather than the postero- 
ba:al wall of the left ventricle. The double- 
pe:ked R of right ventricular origin in aVpR 
thus contrasted sharply with the qR deflection 
of left ventricular origin in aV,. The initial 
up troke in aVR was probably due to passage 
of ‘he impulse through the septum, the second 
upstroke to activation of the hypertrophied free 
wail of the base of the right ventricle. An at- 
tempt to trace the source of the QRS pattern in 
aV, would probably have led to the correct 
aniemortem diagnosis and should have been 
made in this case because of the chest de- 
formity and the discrepancy between the find- 
ings in aV» and V3r. The fact that the Q wave 
in left ventricular Leads V; through Ve. was 
normal in duration, constant both in size and 
duration, and essentially the reciprocal of the 
initial R wave in V, and aVx should have led 
to the suspicion that it was a normal manifesta- 
tion of septal activation rather than a result of 
infarction. The notched QS in V2 was evidently 
a manifestation of the transitional zone be- 
tween the anterior walls of the right and left 
ventricles, whereas the notched QS in Lead 
aV Was apparently due to predominant trans- 
mission of the potential variations of the pos- 
teroseptal region to the left leg. 


Il. Rignr VENTRICULAR DILATATION 

The electrocardiographic diagnosis of right 
ventricular dilatation is difficult in the absence 
of classic signs of associated hypertrophy. Find- 
ings referable to right ventricular dilatation are 
likely to be mistaken for those of anteroseptal 
myocardial infarction. One reason for the con- 
fusion is that Leads V,, V2, and V; may reflect 
the potential variations of the free wall of the 
right ventricle, the right side of the septum, 
and, to a variable extent, the anterior wall of 
the left ventricle. Acute right ventricular dila- 
tation may be manifested by striking, though 
no’ pathognomonic, changes in the RS-T seg- 
ments and T waves in Leads V;, Ve, and V3, 
which resemble those found in the same leads 
in the presence of acute infarction of the an- 
te1oseptal wall of the left ventricle. 


Another reason for the confusion is that en- 
largement of the right ventricle, together with 
the usually associated dilatation of the right 
atrium and clockwise rotation of the heart, 
facilitates the predominant transmission of the 
potential variations of the apical portion of the 
right ventricle as far to the left as the mid- 
clavicular line, sometimes to the anterior axil- 
lary line, and occasionally even to the mid- 
axillary line. Furthermore, the transitional zone 
is not only displaced to the left into Leads Va, 
V;, and/or Ve, but is likely to be broad, prob- 
ably owing to a shift in the long axis of the 
septum to a plane more nearly parallel with the 
pathway of the electrode. The anatomic re- 
lationship of the heart to fixed points on the 
chest wall is further altered when the right ven- 
tricular dilatation is associated with pulmonary 
emphysema and lowering of the diaphragms. 
Under the foregoing circumstances, errors may 
be made if one fails to recognize that the pat- 
terns in leads from the left precordium are 
transmitted predominantly from the right ven- 
tricle and interprets the findings as if the pat- 
terns had been derived from the left ventricle. 

The electrocardiographic features of right 
ventricular dilatation that might be mistaken 
for those of myocardial infarction include: (A) 
sharp inversion of the T waves with elevated or 
isoelectric RS-T junctions in the first three or 
four precordial leads; (B) rapid changes in the 
direction and amplitude of the T waves of 
right precordial leads in serial tracings; (C) QS 
patterns in the first three or more precordial 
leads; (D) locaJized reduction in the amplitude 
of the initial R wave as the electrode is moved 
leftward from the V,, and V:2 positions, particu- 
larly when accompanied by a change from an 
upright to an inverted T wave; (E) progressive 
diminution of the initial R wave as the electrode 
is moved leftward from the V,, and V2 positions 
into the transitional zone, particularly when 
accompanied by change from upright to in- 
verted T waves; (F) replacement of the initial 
R wave by a QS deflection or W-shaped com- 
plex in leads near the transitional zone, particu- 
larly when accompanied by inversion of the T 
wave. These features are collectively illustrated 
by the electrocardiograms in Cases 18 to 27, 
inclusive, reproduced in figures 3, 4, and 5. 
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A. Sharp Inversion of the T Wave with or 
without Elevation of the RS-T Segment in the 
First Three or Four Precordial Leads. This may 
occur as a manifestation of acute right ven- 
tricular dilatation'*’ and may resemble the 
RS-T changes associated with recent antero- 
septal infarction. It is illustrated by the electro- 
‘ardiograms reproduced in figure 3, obtained in 
Cases 18 to 21, inclusive. 

Patient 18 was a woman, aged 68 years, who 
was admitted because of a senile psychosis. 
Bilateral femoral phlebothrombosis developed 


leads, and (3) a progressive increase in the 
amplitude of the R wave as the electrode was 
moved to the left. These features, together with 
the displacement of the transitional zone to the 
left, led to an electrocardiographic diagnosis of 
acute right ventricular dilatation. 

The patient died of pulmonary embolism 
three and one-half weeks after admission. Th:-re 
was marked dilatation of the right ventr cle 
and atrium and moderate right ventricular 
hypertrophy, as indicated by a ratio of 1.1 as- 
sociated with a cardiac weight of 338 grains. 


Fig. 3.-Electrocardiographie findings in right ventricular dilatation. A, Case 18; B, Case 19; C, 


Case 20; D, Case 21. 


in the hospital and was complicated by re- 
peated pulmonary embolism. The electrocardio- 
gram reproduced in figure 3, A was obtained 
after the development of pulmonary infarction, 
but before the administration of digitalis. The 
first three precordial leads showed elevation of 
the RS-T junction and inversion of the terminal 
portion of the T wave. Anteroseptal infarction 
was excluded as a cause of the T-wave inversion 
in these leads because of (1) the presence of up- 
right T waves in Leads V4, and V; nearer the 
anteroseptal wall of the left ventricle, (2) the 
presence of an initial upstroke in all precordial 


There was mild coronary sclerosis without nar- 
rowing or evidence of infarction. The electro- 
cardiographic findings were believed referable 
to right ventricular dilatation and failed to 
disclose the hypertrophy also found at autopsy. 
The electrocardiogram reproduced in figure 
3, B was obtained from Patient 19 prior to the 
administration of digitalis. This patient, a 
housewife aged 47 years, gave a history of pollen 
asthma since childhood and increasing excr- 
tional dyspnea for several years and was a:l- 
mitted to the hospital with left ventriculu 
failure complicated by miliary tuberculosis. 
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aV. — 
A b 
Fig. 4.-Serial changes in acute right ventricular dilatation. A, Case 22; B, Case 23. 
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The striking features of the electrocardio- 
gram consisted in upward bowing of the RST- 
segments and sharp inversion of the T waves in 
Leads V,, V2, and V;. Despite the covelike con- 
tour of the T waves, the findings could be 
ascribed to acute cor pulmonale rather than 
anteroseptal infarction because of (1) the nor- 
mal upright T wave in V4, the first lead to the 
left of the transitional zone; (2) the absence of 
Q waves from V, to V4 and the progressive 
increase in the R waves of these leads; (3) the 
doubling of the initial R wave in Leads V2 and 
V; near the transitional zone (indicating right 


hypertrophy of hypertensive origin. There was 
slight hypertrophy and marked dilatation of 
the right ventricle and atrium, due in pari to 
chronic pulmonary emphysema, in part to re- 
cent passive congestion. The miliary tube reu- 
losis did not involve the heart and there was no 
evidence of pericarditis, subepicardial miyo- 
carditis, infarction, or coronary narrowing. The 
T-wave abnormalities were thus referable to 
right ventricular dilatation. 

The electrocardiogram reproduced in figure 
3, C was obtained from Patient 20, a man ged 
59 years, hospitalized because of carcinonia of 


Va 


Fic. 5.-Electrocardiographic findings in right ventricular dilatation. A. Case 24; B, Case 25; C, 


Case 26; D, Case 27. 


and left ventricular derivation). Although the 
contour of the T waves in the first three pre- 
cordial leads was consistent with pericarditis, 
the limitation of the inverted T waves to leads 
over the right ventricle excluded the possibility 
of a diffuse subepicardial lesion. The slight 
elevation of the RS-T junction in Lead V, was 
believed due to an upright T, wave. 

The patient died from the combined effects 
of left ventricular failure and miliary tuber- 
culosis on the day after the electrocardiogram 
was made. The heart weighed 460 grams, the 
increase being due chiefly to left ventricular 


the cecum and thrombophlebitis of the right 
femoral vein, complicated by repeated pulmo- 
nary embolism. No cardiac glycosides were 
given. The tracing is presented because of the 
deeply inverted T waves in Leads V, through 
V,, resembling those associated with organizing 
myocardial infarction. However, the electro- 
cardiographic findings were attributed to acute 
cor pulmonale for essentially the same rea-ons 
as in the two preceding cases, namely: (1) the 
limitation of the inverted T waves to rmght 
ventricular leads, (2) the normal initial R w« ves 
in these leads. 
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Teath occurred three weeks after the trac- 
ing: were made from carcinomatous perforation 
of the cecum and autopsy revealed multiple 
pulmonary infarcts. The heart weighed 375 
graiis and showed dilatation of the right ven- 
tric!? and atrium without hypertrophy. The 
ecorcnary vessels were moderately sclerotic, but 
patent throughout. Epicardium and myocar- 
dium appeared normal on gross and histologic 
exal lination. 

Patient 21 was a man, aged 73 years, ad- 
mitied to the hospital because of a perforated 
peptic ulcer. Convalescence was uneventful un- 
til the ninth postoperative day, when he had a 
sudden attack of dyspnea and weakness. The 
electrocardiogram reproduced in Fig. 3, D was 
obtained two hours later, while the patient was 
inshock. No cardiac glycosides had been given. 

Leads V, and V2 displayed an rSr’ complex, 
indicating that the electrode faced the epi- 
cardial surface of the right ventricle, whereas 
Lead V3; showed an Rs deflection, signifying 
that the electrode had crossed the transitional 
zone. Slurring was present near the end of the 
intrinsicoid deflection in V; and was simultane- 
ous with the R’ deflection of V; and Ve, but 
later than the peak of the R in left ventricular 
leads Va, Vs, and V¢. Incomplete right bundle 
branch block was excluded as a possible cause 
of the pattern in V, and V2 because of the 
brevity of the initial R wave. The r’ deflection 
in these leads was not derived from the pos- 
terobasal wall of the left ventricle because of 
the absence of a larger late upstroke from Lead 
aV,. Activation of the conus pulmonalis was 
believed responsible for the r’ deflection in V,; 
and V2 and the simultaneous slurring of the 
descending limb of the R wave in V3. 

A more striking feature of the tracing was the 
RS-T pattern, characterized by elevation and 
upward convexity of the RS-T segment and 
terminal inversion of the T wave in Leads V,, 
V2, \3, and aV , and by depressed segments and 
uprizht T waves in V5, Ve, and aVy. Three 
poss bilities were considered: (1) acute myo- 
cardial infaretion reaching the epicardium in 
the :nteroseptal aspect of the left ventricle and 
coniined to the subendocardial layer in the 
anterolateral and posterior aspects; (2) recent 
infarction localized to the anteroseptal aspect 


of the left ventricle with reciprocal RS-T de- 
pression in lateral and posterior leads; (3) acute 
cor pulmonale with ischemia of the antero- 
lateral and posterior walls of the left ventricle, 
secondary to shock. The preservation of the 
initial R wave in all precordial leads was against 
infarction, but did not exclude the possibility 
of a very recent lesion. On the other hand, the 
early transition and the RS-T elevation in left 
ventricular Lead V3; were against cor pulmo- 
nale, but did not exclude it because Lead V; 
also apparently reflected potential variations 
of the nearby conus pulmonalis. A positive 
differentiation, therefore, could not be made 
from this electrocardiogram. 

The patient made a complete symptomatic 
recovery by the next day and had no further 
complaints until the thirteenth postoperative 
day, when a second attack occurred, terminat- 
ing fatally within fifteen minutes. Autopsy re- 
vealed a massive terminal and previous smaller 
pulmonary emboli. The heart weighed 440 
grams and showed right ventricular dilatation 
and hypertrophy. There was minimal coronary 
sclerosis, but no narrowing and no evidence of 
myocardial infarction or pericarditis. The RS-T 
elevation in V,, V2, and V3 and aV x was, there- 
fore, a manifestation of acute cor pulmonale. 
The RS-T depression in V;, V¢, and aVy may 
have been reciprocal to the elevation in right 
precordial leads, but was more likely due to 
acute left ventricular ischemia secondary to 
shock. 

B. Rapid Changes in the Inverted T Waves of 
Right Precordial Leads in Serial Tracings. These 
changes also occur in association with acute cor 
pulmonale "8 and may be mistaken for those 
due to recent myocardial infarction. The prob- 
lem in diagnosis is illustrated by figure 4, which 
represents the electrocardiograms in Cases 22 
and 23, respectively. 

Patient 22 was an obese woman, aged 54 
years, who gave a history of hypertension of 
two years’ duration and increasing congestive 
failure for three weeks. Auricular fibrillation 
was consistently present. The electrocardio- 
gram of June 15, 1945, figure 4, A, was ob- 
tained on the first hospital day after the ad- 
ministration of 0.8 mg. Cedilanid. Leads V; 
and V¢z. displayed prominent late R waves, 
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slightly depressed RS-T junctions, and sharply 
inverted T waves compatible with the presence 
of left ventricular hypertrophy. The T wave 
was upright and of normal contour in right 
ventricular leads V;, V2, and V; and the RS-T 
junction was isoelectric in V,; and elevated 1.0 
mm. in Ve and V3. Slight inversion of the T 
Wave was present in transitional lead V4. 

A second tracing made the following day 
after full digitalization, but not reproduced in 
figure 4, showed the classic straightening of the 
RS-T segments, but no change in the direction 
of the T waves. A constant maintenance dose 
of 13 grains digitalis daily was given for the 
remainder of her hospital stay. 

The course was uneventful until June 21, 
when she was suddenly seized with dyspnea 
and stabbing pain in the right side of the chest. 
Repeat electrocardiogram on June 23 showed 
striking changes in the RS-T complexes, partic- 
ularly in right precordial leads. The RS-T junc- 
tion in V, had become elevated and the T wave 
sharply inverted; the RS-T junction in V2 
showed increased upward displacement and the 
T wave had also become sharply inverted. Al- 
though these RS-T changes resembled those 
associated with acute anteroseptal infarction, 
they were definitely attributed to acute cor 
pulmonale because (1) the RS-T elevation and 
T-wave inversion were more marked in Leads 
Vand V>2 over the right ventricle than in Leads 
V; and V, over the transitional zone and an- 
terior wall of the left ventricle, (2) the absence 
of reduction or obliteration of the normal in- 
itial R waves in the first four precordial leads. 
It is noteworthy that the terminal portion of 
the T wave had become upright in the last 
three precordial leads, thereby maintaining its 
reciprocal relationships with the T waves in 
right precordial leads. 

The patient was symptom free on June 29 
and the electrocardiogram had returned to the 
original configuration. The rapid change from 
sharply inverted to upright T waves in Leads 
V, and V2 together with the decrease in upward 
displacement of the RS-T junctions was typical 
of the evolution accompanying recovery from 
acute cor pulmonale. 

The patient had a second attack of abrupt 
dyspnea and pleural pain on July 1 and died 


suddenly on July 8, 1945. Death was due to 
pulmonary embolism and autopsy revealed or- 
ganizing pulmonary infarcts. The heart weighed 
729 grams and showed marked left ventricilar 
hypertrophy and right ventricular dilatation, 
but no evidence of myocardial infarctio», or 
pericarditis. 

Patient 23 was a man, aged 47 years, who 
gave a history of exertional dyspnea for eli ven 
months and paroxysmal nocturnal dyspne: for 
three months. He was admitted to the hos)ital 
during an exceptionally severe attack of acute 
pulmonary edema. 

The electrocardiogram of November 16, 1))44, 
figure 4, B, was obtained soon after admis:ion, 
following the administration of 3 grains of 
digitalis leaf. Leads V; and V¢ displayed large 
R waves, slightly delayed intrinsicoid deflec- 
tions, and diphasic to inverted T waves indic- 
ative of left ventricular hypertrophy. The deep 
broad S waves in right ventricular leads V,, 
Ve, Vs, and V4 were compatible with left ven- 
tricular hypertrophy, but the slightly elevated 
RS-T junctions and cove negative T waves in 
the same leads could not be explained in this 
manner. 

The RS-T pattern in the first four precordial 
leads raised the question of recent anteroseptal 
infarction, ischemia of the anteroseptal wall of 
the left ventricle, acute pericarditis, and acute 
right ventricular dilatation. The possibility of 
acute anteroseptal infarction was virtually ex- 
cluded by the normal initial R waves in the 
first four precordial leads. Ischemia of the an- 
teroseptal wall of the left ventricle was regarded 
as an unlikely factor because of (1) the absence 
of RS-T depression and (2) the greater depth 
of the T wave in V2 than in leads nearer the 
anteroseptal wall of the left ventricle (V3, and 
V4). The possibility of pericarditis as a cause of 


the inverted T waves in the first four precordial 
leads was practically excluded by their repl:ce- 
ment by upright T waves of normal contour on 
the following day. On the other hand, the r: pid 
evolution was consistent with acute cor pulmo- 
nale and could be correlated with marked c!ini- 


cal improvement and disappearance of pulino- 
nary edema under therapy, which included 42 
grains of additional digitalis. The RS-T chanzes 
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in Vs, and Vz. could be explained by digitalis 
eff oct. 

The patient died of “malignant”? hyperten- 
sion two months after the tracings of November 
16 were made. The heart weighed 672 grams 
an! showed marked left ventricular hyper- 
trophy, but no evidence of infarction or 
pericarditis. The coronary tree was patent 
throughout and of normal caliber. There was no 
evidence of pulmonary infarction. In view of 
the clinical findings during the first two hospital 
days together with the subsequent autopsy 
finlings, it was concluded that the RS-T pat- 
terns in Leads V,, V2, V3, and V4 on November 
16 were due to acute right ventricular dilatation 
secondary to extensive pulmonary congestion 
and edema from acute left ventricular failure. 

C. QS Pattern in the First Three or More 
Precordial Leads. This may occur in association 
with right ventricular dilatation, with or with- 
oul accompanying hypertrophy. Zuckermann 
and associates’ studied 50 cases of chronic cor 
pulmonale without clinical signs of myocardial 
infaretion and found either a QS complex, a W- 
shaped QRS, or a deep Q wave in right pre- 
cordial leads of 36 per cent of the series. Never- 
theless, when a QS deflection is recorded in the 
first three or more precordial leads, the pos- 
sibility of anterior infarction extending into 
the septum" must be given serious considera- 
tion and a study of additional leads must be 
made for differentiation from right ventricular 
dilatation, and from the rare normal variant 
associated with marked clockwise rotation and/ 
or displacement of the heart to the lett. 

The problem in differential diagnosis afforded 
by QS deflections in the first five precordial 
leads is illustrated by figure 5, A. This electro- 
cardiogram was obtained from a 45 year old 
min (Patient 24) soon after admission to the 
hospital with advanced congestive failure and 
following partial digitalization. Auricular fibril- 
laton was present and was manifested by 
course f waves in V;, varying fine to moderately 
co:rse f waves in V2, and V3, and no undula- 
tions in the remaining precordial leads or in any 
of the limb leads. This suggested that the 
¢le-trode was in the vicinity of the right atrium 
at position V; and probably also at V2 and V3. 

‘he precordial leads in this tracing did not 


cover a sufficiently wide area to provide ade- 
quate exploration of both the right and left 
ventricles, as shown by the lack of contrasting 
patterns in the leads at either end (V; and Vz 
positions). In fact, the change from a QS in V; 
to an rS deflection in V. suggested that the 
electrode was approaching the transitional zone 
and that Leads V4 and V5, as well as Vi, Vo, 
and V3, reflected the potential variations of the 
right side of the septum and epicardial surface 
of the right ventricle. The absence of a Q wave 
preceding the upstroke in transitional lead V¢ 
Was against infarction continuing from the sep- 
tum into the anterior wall of the left ventricle. 

The question remained as to whether the QS 
deflection in the first five precordial leads was 
due to healed infarction confined to the septum 
or merely to right ventricular dilatation. To 
settle this question, a repeat electrocardiogram, 
including leads to the right of the V, position 
and beyond the V¢ position, was necessary. This 
was obtained after restoration of compensation, 
and still showed auricular fibrillation with 
prominent f waves confined to Leads V3 and 
V,. These two leads displayed a QS deflection; 
Ve, V3, and V4 showed an rS complex, the in- 
itial upstroke increasing from 1 mm. in V2 to 
3 mm. in V4; Lead V; exhibited an equiphasic 
RS deflection of transitional origin and Lead 
V. showed a prominent late R wave suggesting 
left ventricular hypertrophy. 

The second electrocardiogram thus revealed 
no evidence of infarction and consequently 
ruled out septal infarction as a cause of the QS 
deflections in the first tracing. Although it was 
impossible positively to exclude an erroneously 
high position of the electrode! or an abundant’ 
application of electrode jelly over the entire 
pathway of the electrode!” as an explanation 
for these QS deflections, the findings could be 
adequately accounted for on the assumption of 
a technically accurate tracing. Thus, the regis- 
tration of prominent f waves as far as the Vs; 
position, QS deflections as far as the V; posi- 
tion, and the transitional zone beyond mid- 
axilla in the first tracing, was compatible with 
marked dilatation of the right atrium and ven- 
tricle, and marked clockwise rotation associated 
with advanced congestive failure. The subse- 
quent limitation of f and QS waves to the Vsz 
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and V, positions and shift of transitional zone 
to the anterior axillary line in the second trac- 
ing, made after restoration of compensation, 
was compatible with reduction in distention of 
the right atrium and ventricle and decrease in 
the degree of clockwise rotation. 

The patient died, on the twenty-second hos- 
pital day, of intercurrent pneumonia. Autopsy 
revealed a 566-gram heart, with left ventricular 
hypertrophy associated with rheumatic mitral 
insufficiency and hypertension and accom- 
panied by marked right ventricular dilatation. 
There was no evidence of myocardial infarction. 
The necropsy findings thus supported the above 
antemortem interpretation of the electrocardio- 
grams. 


D. Localized Reduction in the Amplitude of 


the Initial R Wave in a Lead to the Left of V1 or 
V2. This may occur in association with right 
ventricular dilatation, but may raise the ques- 
tion of anteroseptal infarction, particularly 
when accompanied by change from an upright 
to an inverted T wave. This is exemplified by 
figure 5, B, obtained from Patient 25, a hyper- 
tensive man, aged 55 years, who was admitted 
to the hospital with advanced congestive failure 
complicated by bronchopneumonia. No cardiac 
glycosides were given. 

The inversion of the T wave in left ventricu- 
lar leads V_ and aV, and the slight slurring and 
prolongation of the ascending limb of the R 
wave in aV,; suggested left ventricular hyper- 
trophy. Small r and relatively deep S waves 
were recorded in the first five precordial leads. 
The initial R wave measured 1.0 mm. in V,, 
1.5 mm. in V2, 2.5 mm. in V3, then decreased to 
1.5 mm. in V4 and became slurred and 2.0 mm. 
in amplitude in V;. The localized decrease in the 
amplitude of the R wave in V4 and V; might 


raise the question of anteroseptal infarction,. 


but the accompanying diminution in voltage 
of the S wave and slurring of the QRS complex 
suggested that it constituted a manifestation 
of the transitional zone. The change from an 
upright T wave with concave RS-T segment in 
Vi, Ve, Vs, and V4 to an inverted T wave with 
convex RS-T segment in V; might also raise the 
question of anteroseptal infarction. However, 
the resemblance of the T wave in V; to that in 
V. suggested that it, too, was a manifestation 
of left ventricular hypertrophy. The findings in 


V; could be explained by the assumption that 
(1) the electrode faced the right ventricular 
side of the septum during the registration of the 
QRS, (2) the heart rotated sufficiently during 
systole so that the electrode faced the left vin- 
tricular side of the septum during registration 
of the T wave. A diagnosis was therefore m: de 
of left ventricular hypertrophy and right v.-n- 
tricular dilatation with displacement of he 
transitional zone to the anterior axillary line. 

Death, due to congestive failure and bronc'io- 
pneumonia, occurred nine hours after adniis- 
sion to the hospital. The heart weighed ‘90 
grams and showed left ventricular hypertropiiy, 
due to hypertension, and acute right ventrici iar 
dilatation. The coronary vessels were patent 
and there was no evidence of infarction. ‘lhe 
postmortem findings thus confirmed the elec- 
trocardiographic interpretation. 

E. Progressive Diminution of the Initial R 
Wave, Accompanied by Change From an Upright 
to an Inverted T Wave. As the electrode is 
moved from the V; or V2 positions towards the 
left, progressive diminution of the initial R 
wave, accompanied by change from an upright 
to an inverted T wave, may occur in associa- 
tion with right ventricular dilatation, but may 
be easily mistaken as representative of anterior 
myocardial infarction, as exemplified by figure 
5, C. This electrocardiogram was obtained from 
a 66 year old man (patient 26) soon after 
admission to the hospital and before the ad- 
ministration of cardiac glycosides. 

An rS complex was recorded in all six pre- 
cordial leads and was of normal voltage in 
Vi, Ve, V3, and V4, was reduced by half in Vs, 
and again cut in half in V.. The initial R wave 
measured 5 mm. in V, and decreased by ap- 
proximately 1 mm. in each successive lead 
up to Vs, where it was barely perceptible. 
The T wave in the first four precordial leads 
was upright and was accompanied by a norm:l, 
upwardly concave RS-T segment in Vi, \2, 
and V; and a convex segment in Vy. The 
elevated, convex RS-T segments and the in- 
version of the terminal portion of the T waves 
in Leads V; and Vs were abnormal and, along 
with the marked reduction of the initial \ 
wave, strongly suggested a patchy acute ai- 
terolateral infarction. However, the alternati: ¢ 
possibility of marked right ventricular dilat:- 
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tion with transitional zonal effects in V5; and Ve 
ha 1 to be considered because of (1) the presence 
of rS patterns in all six precordial leads and 
(2 the reduced voltage and slurring to notching 
of the S wave in V; and Veg. 

Co settle the diagnosis, it was necessary to 
take sufficient leads to the right of position V; 
an beyond position Vz. until contrasting QRS 
paiterns were recorded at the two extremes. 
An rS deflection like that in V; and V2 was 
recorded in Vg and V3p, Vaz, and V5, indi- 
caiing transmission of the potential variations 
of the right ventricle to the right anterior chest. 
Lead V; displayed an Rs complex, consisting 
of a brief initial upstroke 5 mm. high followed 
by a barely perceptible S wave, isoelectric RS-T 
junction, and inverted T wave; Lead Vs ex- 
hibited a small monophasic R wave and similar 
RS-T complex. These findings signified that 
the potential variations of the left ventricle 
were referred to the left side of the back. 
The absence of a Q wave from V7 and Vs was 
strongly against myocardial infarction as the 
cause of the findings in Leads V; and Vz. The 
low voltage and slurring of the QRS in these 
two leads indicated that the electrode was in 
the vicinity of the transitional zone. The rough 
correspondence of the RS ratio in V; and Vz to 
that in leads further to the right suggested that 
the electrode lay to the right of the septum 
during ventricular activation, whereas the in- 
version of the terminal portion of the T wave, 
like that in Vz, suggested that the heart had 
rotated sufficiently during systcle so that the 
left. ventricle faced towards the anterior axilla. 

After study of the additional leads, a di- 
avnosis of right ventricular dilatation was made 
and the abnormal QRS-T patterns in V; and 
\. were ascribed to the transitional zone. This 
diagnosis was in accord with the clinical find- 
ings. The patient gave a history of asthma for 
thirty years and a chronic productive cough 
fo: five years. Physical examination showed 
clibbing, barrel chest, and obstructive pul- 
monary emphysema. 

Death occurred on the tenth hospital day. 
A itopsy revealed chronic bronchitis, obstruc- 
tie pulmonary emphysema, but: no evidence of 
nivocardial infarction. The heart weighed 327 
g:ams and the right atrium and ventricle were 
dilated. Relative right ventricular hypertrophy 


was present, as indicated by a ratio of 1.2 
and by comparison of the thickness of the two 
ventricles. Theright ventricle measured 1.2 cm. 
at the base and 0.8 cm. at the apex; the apical 
third of the left ventricle measured 1.3 cm. 
anteriorly and 1.8 cm. laterally. The progres- 
sive decrease in the amplitude of the R wave 
as the electrode was moved from position V: 
in the vicinity of the tricuspid ring to position 
V4, which was presumably near the apex of the 
right ventricle, could be correlated with the 
progressive decrease in thickness of the right 
ventricular wall from base to apex. Although the 
size and thickness of the right ventricle in this 
patient closely approached that in Patient 16, 
classical electrocardiographic signs of right ven- 
tricular hypertrophy were not found in this 
patient, but were present in Patient 16. 

F. Replacement of the Initial R by a QS 
Deflection or W-Shaped Complex Accompanied 
by Change from an Upright to an Inverted T 
Wave. This may occur in association with right 
ventricular dilatation, as the electrode is moved 
from the V; or V2 positions toward the left, 
and may lead to an erroneous diagnosis of 
myocardial infarction, as in Patient 27, whose 
electrocardiogram is reproduced in figure 5, D. 
This patient was a man, aged 78 years, who 
had a barrel chest secondary to obstructive 
pulmonary emphysema and had been under 
treatment for hypertensive heart disease for 
several years. He was admitted to the hospital 
with marked congestive failure after neglecting 
to take digitalis for six weeks. 

The electrocardiogram was obtained after 
the administration of 0.8 mg. Cedilanid. Auric- 
ular fibrillation was present and the ventric- 
ular rate was approximately 110 per minute. 
The similarity of the rS complexes in the first 
three precordial leads indicated that the elec- 
trode in all three positions faced the epicardial 
surface of the right ventricle. The depth and 
the breadth of the S wave in these leads were 
suggestive of left ventricular hypertrophy. The 
reduction in amplitude and slurring of the S 
wave in V, suggested that the electrode was ap- 
proaching the transitional zone, but the general 
correspondence of the RS ratio to that in Vj, 
V2, and V; indicated that the electrode was still 
to the right of the septum. The initial R wave 
failed to show the usual progressive increase in 
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amplitude in the first four precordial leads, 
measuring 1.0 mm. in V; and V2 and only 1.5 
mm. in V3; and V4. More important, however, 
was the presence of an initial Q wave in V; 
and the reduction of the R wave to a notch 
on the downstroke of the QS complex. The T 
waves in V,; and V2 were upright and of normal 
contour, but those in V;, V4, and Vs; were in- 
verted and were associated with slightly ele- 
vated convex RS-T segments. The T-wave ab- 
normalities in these leads were believed 
independent of Cedilanid for the following reas- 
ons: (1) the contour of the RS-T segment, (2) 
the relatively long QT interval, (3) the fact 
that cardiac glycosides tend to make T waves 
opposite to the main deflection of the QRS. 
On the basis of the QRS and T abnormalities 
in V3, Va, and V;, a diagnosis was made of 
organizing anteroseptal infarction. 

In the electrocardiographic interpretation, 
too little attention was given. to the absence of 
a Q wave from Lead V¢. If an infarct involves 
enough of thickness of the wall to result in the 
registration of a notched QS deflection in a 
given lead, it should extend sufficiently into 
the subendocardial layer of the surrounding 
muscle to result in a marginal qR deflection 
in the next adjacent lead. This discrepancy 
should have led to repetition of the electro- 
cardiogram, including leads from additional 
points on the anterolateral aspect of the left 
side of the chest, but the patient died of pul- 
monary embolism before this could be under- 
taken. 

Myocardial infarction was not found on care- 
ful gross examination and its possibility was 
definitely excluded by means of multiple micro- 
scopic blocks. The coronary arteries were of 
normal caliber on injection and showed only 


Grade 1 sclerosis. The heart weighed 553 grams 
and showed coexistent left ventricular hyper- 
trophy due to hypertension and right ventri- 
cular hypertrophy and dilatation, due chiefly 


to obstructive pulmonary emphysema. 
Although the right ventricle measured 1.4 em. 
in thickness at the base and 0.8 em. at the 
apex and the left ventricle, 1.8 em. in the an- 
terior and 2.5 cm. in the lateral wall, the 
electrocardiogram failed to show diagnostic 
signs of either right or left ventricular hyper- 


trophy, perhaps because of the tendency fir 
the effects of the one to neutralize those of the 
other. In view of the autopsy findings, the 
notched QS deflection in V5; was apparently , 
transitional zonal phenomenon. During the in - 
scription of the QRS, the electrode at positic 1 
V; probably lay over the anterior terminus | { 
the septum and received negative potenti: s 
from the ventricular cavities as a consequen:e 
of extinction of positive potentials in the centr 
of the septum. The resemblance of the invert: 
T waves of V;, V4, and V; to the termin.\| 
portion of the inverted T wave of left ventriv- 
ular lead Vg suggested that the transition:l 
zone for the T wave was to the right of that 
for the QRS because of systolic rotation of thie 
heart between inscription of the QRS and T 
waves. 


SUMMARY 


In uncomplicated right ventricular hyper- 
trophy and/or dilatation, multiple precordial 
leads often show abnormalities which resemble 
those associated with infarction of the septum 
and/or infarction of the anterior wall of the 
left ventricle. The differential diagnosis is 
brought out through the presentation of 15 
cases selected because of the presence of (1) 
electrocardiographic findings originally _ re- 
garded as indicative or at least suggestive of 
myocardial infarction, and (2) postmortem 
demonstration of right ventricular hypertrophy 
and/or dilatation and pathologic exclusion of 
myocardial infarction. 

In 5 of the cases, the electrocardiogram gave 
evidence of right ventricular hypertrophy, but 
exhibited one or more of the following signs 
likely to be mistaken for those due to myo- 
‘ardial infarction: (A) abnormally broad qh 
deflection in right precordial leads suggestive 
of right bundle branch block due to septal 
infarction; (B) Q wave in right precordial leads 
that was unusually deep in proportion to the 
succeeding R wave, resulting in abnormal ratios 
in the range customarily associated with myo- 
vardial infarction; (C) cove plane inversion of 
the T wave in leads from the right precordium ; 
(D) localized reduction in the amplitude of t! 
R wave or replacement by a QS deflection | 
leads at the transitional zone, suggesting a! 
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septal infarction; (E) persistence of the 
mal Q wave in left ventricular leads ac- 
panied by marked reduction in the R and 
vgeration of the S wave, suggesting antero- 
ral infarction. 
n the other 10 cases, the electrocardiogram 
ibited one or more of the following signs 
rable to right ventricular dilatation, but 
vestive of oe infarction: (A) sharp 
ersion of the waves with elevated or 
isocleetrie RS-T ame in the first three or 
four precordial leads; (B) rapid changes in the 
direction and amplitude of the T waves of 
rigiit precordial leads in serial tracings; (C) 
()S patterns in the first three or more precordial 
leads; (D) progressive decrease or localized 
reduction in the amplitude of the initial R 
wave as the electrode was moved leftward 
from the V; or V2 position, accompanied by a 
change from an upright to an inverted T wave; 
(:) replacement of the initial R wave by a QS 
deflection or W-shaped complex in leads near 
the transitional zone, accompanied by a change 
from an upright to an inverted T wave. 
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The Relationship of Unipolar Chest Leads 
to the Electrical Field of the Heart 


By Rosert P. Grant, M.D. 


Using a method for measuring the electrical forces of the human heart in three dimensional space, 
studies of the precordial leads are reported which were designed to determine whether these de- 
flections are principally measurements of the electrical field of the heart as a whole or are dom- 
inated by the forces from the region of the heart immediately beneath the electrode. It was found 
that the former was the case, which leads to a simpler and more rational method for interpreting the 
electrocardiogram than has been available heretofore. 


HE INTERPRETATION of the QRS 
and T deflections in the precordial elec- 
trocardiogram has been empiric and un- 
certain because it has not been known to what 
extent the precordial lead deflections are meas- 
urements of the potential variations of the por- 
tion of the ventricular myocardium directly 
beneath the electrode and to what extent they 
represent the potential variations of the ven- 
tricular muscle as a whole. This shortcoming 
does not exist in interpretation of the limb 
leads. The limb lead electrodes are so remote 
electrically from the heart that, in effect, they 
record the potential variations of the heart 
as a whole, that is, as if there were single central 
dipoles for the excitation processes.': ? Because 
of this, the limb lead deflections can be used 
to measure the resultant magnitude and direc- 
tion in the frontal plane of the electrical forces 
of the heart. This has clarified and simplified 
interpretation of the limb leads and has led 
to the development of such useful tools in 
clinical electrocardiography as the mean elec- 
trical axis, instantaneous electrical axes, and 
the ventricular gradient. 
Precordial lead deflections, on the other 


hand, are recorded from electrode positions - 


so much nearer the center of the electrical field 
that it has seemed unlikely that the various 
surfaces of the ventricular myocardium could 
be electrically equidistant from each of these 
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electrode positions. Therefore, most workers 
have felt that the mathematical methods so 
useful in interpretation of the limb leads could 
not be extended to interpretation of the pre- 
cordial leads. However, since both limb and 
precordial leads are semidirect leads, and since 
there is only a relative difference between 
them in electrical remoteness from the heart, 
perhaps there are certain characteristics of the 
precordial deflections which represent measure- 
ments of the electrical forces of the heart as a 
whole. If these could be demonstrated, the 
precordial leads could be used to measure the 
electrical forces of the heart in the anteropos- 
terior plane. By combining the measurements 
of the forces in this plane with those of the 
frontal plane made from the limb leads, the 
characteristics of the forces as they exist in 
three-dimensional space within the body could 
be determined. This would make it possible 
to base the clinical interpretation of the elec- 
trocardiogram on the relative magnitudes and 
directions of the QRS and T electrical forces 
in space. Such a method for interpreting the 
electrocardiogram would be much simpler, more 
rational and more accurate than methods 
based upon memorizing empirically established 
deflection sizes and contours on a number of 
arbitrarily selected leads. 


MerHops 


The purpose of these experiments was |) 
determine the extent to which the deflection s 
recorded from precordial leads are measur’ - 
ments of the mean QRS and T electrical fore: 
of the heart in the human subject. It is nece:- 
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sary to discuss certain theoretic principles un- 
der ying the method chosen for studying the 
problem before the method is described in de- 
tal 

‘wo principal assumptions were made in 

vcting the method. It was assumed that body 

ace deflections were measurements of an 

. trical field propagated in a volume conduc- 

‘rom central dipoles.’ This makes it possible 

-onsider the electrical processes of the heart 

resultant electrical vectors. A second as- 
sumption was that the electrical conductive 
properties of the human body are reasonably 
uniiorm. The uniformity of conductivity in the 
body has been a point of controversy among 
students of electrocardiography for many years. 
Recent theoretic and experimental studies in 
the human subject leave little doubt, however, 
that this assumption is reasonably valid.*: 4 

‘These premises permit one to apply to the 
problem of the precordial leads the physical 
laws governing the distribution of an electrical 
field arising from a vector at the center of a 
homogeneous cylindrical volume conductor. In 
such a field, a plane of zero isopotentiality 
extends perpendicularly from the center of the 
vector to the surface of the cylinder, separating 
the surface into an area of positive potential 
on one side of this plane and negative potential 
on the other side. The line of zero isopotential- 
ity defined on the surface of the cylinder where 
the plane intersects the surface is called the 
null contour. Its position is determined by the 
direction but not the magnitude of the vector 
at the center of the cylinder. It can be eal- 
culated for a cylinder, then, if the direction 
of (he veetor and the size of the cylinder are 
known. Or, this calculation can be reversed, 
an’ the direction of a vector at the center of a 
cylindrical volume conductor can be deter- 
mined if the distribution of positive, negative, 
ani null potentials on the surface of the eyl- 
inder are known. 

These two concepts, the null contour and 
thc central vector, have counterparts in human 
el-trocardiography and their calculation forms 
th: basis for the present method of studying 
ch: st leads. Thus, the null contour of the eyl- 
inver is analogous to the pathway of transi- 
ticnal QRS and T complexes (deflections with 


as much upright as inverted component) 
around the chest. These transitional pathways 
can be determined by taking unipolar chest 
leads from all surfaces of the chest and noting 
the position on the chest of the electrodes 
which recorded transitional QRS and T com- 
plexes. For the counterpart of the vector at 
the center of the cylinder, a method is available 
for calculating the magnitudes and directions 
of the mean QRS and T electrical forces in 
three-dimensional space in the human subject 
with reasonable accuracy. These mean spatial 
vectors are the average of the vectors generated 
from the various surfaces of the heart during 
a single QRS or T cycle. Likewise, for the 
transitional complex, the chest lead deflections 
are examined for their resultant or average 
electrical sign—that is, whether the deflection 
is principally upright (positive), inverted (nega- 
tive), or transitional (null) regardless of the 
overall size of the deflection. 

The procedure in these studies, then, was 
to calculate the mean spatial QRS and T vee- 
tors for a given subject. Then, the null contours 
which these two vectors would project on the 
surface of a cylinder of the same dimensions 
as the subject’s chest were calculated. These 
null contours were then compared with the 
pathways of transitional QRS and T complexes 
as determined by unipolar leads taken from all 
surfaces of the chest. If the null contours and 
transitional pathways coincided on the chest, 
the chest electrodes could be considered to be 
recording from the heart as a whole as far as 
the resultant or net characteristics of the de- 
flection were concerned. In other words, the 
resultant electrical sign of the chest lead de- 
flections could be considered to be established 
by single central QRS and T vectors. When the 
two determinations did not agree, the chest 
electrodes may have been dominated by the 
nearest surface of ventricular myocardium and 
were not recording from the heart as a whole. 

To turn to the details of the method used 
in this study, the calculation of the mean 
spatial vectors is based on a method first sug- 
gested by Wilson, Johnston, and Kossmann® 
which employs the three conventional positions 
of the limb lead electrodes with a fourth elec- 
trode placed on the back directly behind the 
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heart. These four electrodes form a three-di- 
mensional reference figure electrically. The Ein- 
thoven equilateral triangle is converted into an 
isosceles tetrahedron with the origin or zero- 
point of the figure at the mid-point of the 
frontal plane, and the four apices equidistant 
from this origin. The spatial vectors were cal- 
culated from this reference figure as follows: 
The resultant areas of the QRS and T deflec- 
tions on the three limb leads were measured 
and these magnitudes were plotted on the tri- 
axial reference system giving the frontal plane 
projections of the mean QRS and T vectors. 
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Fic. 1.—A, The tetrahedral reference figure de- 
fined by the four electrode positions. B, The triaxial 
reference figure for determining the mean QRS and 
T vectors in the frontal plane from the three limb 
leads. C, The biaxial reference figure for determining 
the positions of the vectors in the sagittal plane. 


The components of these vectors on the 90- 
degree axis of the triaxial system were then 
added vectorially to the magnitudes on the 
back-to-left-leg lead on a 45-degree biaxial sys- 
tem, thus giving the sagittal plane projections 
of the mean vectors (fig. 1). From the projec- 
tions of the vectors on these two planes the 
magnitude and directions of the mean spatial 
QRS and T vectors can be calculated as de- 
scribed elsewhere.‘ 

The QRS and T null contours for a cylinder 
resembling the subject’s chest were next calcu- 
lated from these mean spatial vectors. The 
approximate position of a null contour on a 


subject’s chest can be easily visualized if the 
frontal and sagittal projections of the vector 
are known. For example, if the vector is found 
to be directed toward the left leg in the fron:al 
plane, and has a slightly anterior direction 
in its sagittal projection, the plane perpencic- 
ular to this vector can be visualized as inter 
secting the chest along the upper right reg 
of the chest anteriorly and the lower left reg. 
of the chest posteriorly, as shown in figurx 
A. If, on the other hand, a vector with thi 
same frontal plane direction should in the savit- 
tal plane prove to be directed somewhat pos- 
teriorly, the null contour now lies on the lower 
left side of the chest anteriorly, and the upper 
right side of the chest posteriorly, as shown 
in figure 2, B. (In the illustrations, the null 
contour is drawn as if formed by a plane per- 
pendicular to the vector at its origin instead of 
at its center; this was done to make the con- 
structions clearer, and is simply an example of 
vector translation. ) 

A more precise calculation of the null contour 
can be performed from the equation: 


(NE,cos@) + (YE;scos¢) — (ZEsiné) = 0, 


where FE, is the magnitude of the projection 
of the vector on the sagittal plane and @ the 
angle this projection makes with the antero- 
posterior axis of the plane, and E; is the magni- 
tude of the projection of the vector in the 
frontal plane and @ the angle this projection 
makes with the +90-degree line of the triaxial 
system (fig. 2, C). By making the following 
substitutions in the equation, four points are 
located on a cylinder with the same diameters 
as the subject’s chest, and these points define 
the pathway of the null contour for the cyl- 
inder: 


Let X +a, Y = 0, and solve for Z. 

Let X — me FE Oe. 
req. =." = & 2. 
y 


—b,X =0, “ Ee 


Let 
Let 


where +a and —a are the two radii which form 
the lateral diameter of the chest, A, and +) 
and —b are the radii of the anteroposterivr 
diameter, B, of the chest. The lateral and ai- 
teroposterior diameters of the subject’s che-t 
were measured with obstetric calipers, and tle 
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chesi' Was treated as an elliptic cylinder. The 
calculations indicate the units of distance which 
ihe ‘our points, one at each end of the two 
diameters, lie above or below the equator of 
the «vlinder as defined by a horizontal plane 
through the center of the electrical field. It 
vas ‘ound empirically that this equator gen- 
erally lies 2 to 4 em. below the fourth inter- 
costa! space, somewhat below the region where 
\, and Vs precordial leads are taken. The 
posit. ons of the four points for each subject 
were plotted on a graph folded into a cylinder 
having the same diameters as the subject’s 
chest and a line was drawn connecting these 
points to resemble the pathway where a plane 
defined by these points would intersect the 
evlinder. 

At the time the four bipolar leads were 
taken for calculating the spatial vectors, chest 
leads were also recorded using the Wilson cen- 
tral terminal with 5,000-ohm resistors and a 
).5-em. exploring electrode. Leads were taken 
from the anterior and posterior surface of the 
chest at 1-inch intervals from above the level 
of the manubrium to below the umbilicus on 
the sternal and vertebral lines and, bilaterally, 
on the midelavicular, anterior axillary, mid- 
axillary, and midscapular lines. Care was taken 
that the electrode paste did not connect ad- 
jacent electrode positions. The deflections were 
mounted on paper the same size as had been 
used to plot the null contour. The transitional 
QRS and T complexes (the deflections with as 
much positive as negative area regardless of 
their total amplitude) were identified on each 
line and these deflections connected by a 
smooth curve. This indicated the pathway of 
transitional QRS and T complexes around the 
chest 

In 1 second part of the present study it was 
desir ble to simplify this method of calculating 
the svatial veetors in order to study the mean 
spati:l veetors as a part of routine clinical 
elect:ocardiographiec interpretation. By this 
modiied method, the direction but not the 
magnitude of the mean QRS and T vectors in 
the fiontal plane can be accurately determined 
from simple inspection of the three limb leads: 
if on one of the three limb leads the deflection 
is couspicuously smallest, the vector must be 


directed relatively perpendicular to the axis of 
that lead. If on the other hand, the deflection 
is conspicuously largest on one of these leads, 
the vector must be directed parallel to the 
axis of that lead. This can be readily seen by 


Fig. 2.—A, The vector, has a slight anterior pro- 
jection as seen in the sagittal plane calculations; 
accordingly, the null contour on the anterior aspect 
of the cylinder will lie superiorly to the equator of 
the cylinder. B, The vector is directed somewhat 
posteriorly, and therefore the null contour lies in- 
feriorly to the equator of the cylinder. C, The projec- 
tions of a mean spatial vector on three planes of the 
evlinder; E, is the component on the sagittal plane 
and @ its angle with the anteroposterior axis of the 
cylinder; E; is the component on the frontal plane, 
and ¢ its angle with the +90 degree axis in the frontal 
plane. 


plotting test vectors on the triaxial system, 
with due regard to the polarities of this refer- 
ence figure. With a little practice, the direction 
of the mean QRS and T vectors in the frontal 
plane can be calculated within a 10-degree error 
by simple inspection of the tracing. By compar- 
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ing tre sizes of the QRS and T deflections of 
the ] mb leads and the back-to-left-leg lead, 
aid ty plotting these magnitudes on the biaxial 
ystein described earlier, the projection of the 
two vectors on the sagittal plane is deter- 
mine. 

The pathways of the null contours for QRS 
ad ‘!’ were compared with the pathways of 
ans'tional QRS and T complexes in three 
soups of subjects: (1) In 8 subjects the mathe- 
matically calculated null contours were com- 
pared with transitional pathways determined 
by the extensive anterior and posterior ex- 
ploration described above. Two of these are 
illustrated; one of the subjects (figs. 3, 4, and 
3) was a normal young man, the other (figs. 6 
ad 7) a 50 year old woman with a recent high 
lateral myocardial infarction. (2) In 20 sub- 
jects the visually calculated null contour was 
compared with extensive explorations of the 
anterior portion of the chest alone, in the 
manner outlined. (3) In over 1,000 consecutive 
subjects the visually calculated null contour 
the back-to-left leg lead has been taken rou- 
tinely in the Grady Memorial Hospital for 
the past year) was compared with the position 
of the transitional QRS and T deflections as 
they were encountered in routine V; to Vz 
precordial leads. 

A discussion of the validity of treating deflec- 
tions from all surfaces of the body as due to 
the same electrical forces is appropriate before 
the results of this study are presented. 

It has been shown by other workers that 
in a volume conductor the amplitude of a 
deflection varies inversely with the square of 
the distance from the dipole at the center of 
the conductor to the recording electrode.'! This 
means that beyond a certain distance from 
the center of the field further displacement of 
the electrodes will result in negligible further 
change in amplitude of the deflection. In the 
human subject, this distance has been found 
tobe 10 to 12 em. from the heart.®: 7 Electrodes 
more remote from the heart than this are, in 
effect. electrically equidistant from the heart, 
ho mitter what their differences in anatomic 
remo'eness. Reversely, at such an electrode 
position all parts of the heart are electrically 
equic ‘stant from the electrode. 


In the present studies, however, electrode 
positions considerably less than 10 em. from 
the heart are treated as electrically equidistant 
from all parts of the heart. The reason for this 
was that these experiments were concerned with 
the resultant electrical sign of the deflection 
and not the amplitude of the deflection. Ade- 
quate electrode remoteness will occur at points 
less distant from the heart in studies concerned 
with the distribution of electrical positivity and 
negativity than in studies concerned with the 
amplitude of the deflections. This can be ex- 
plained in terms of current electrocardiographic 
theory by considering the properties of direct- 
and semidirect-lead QRS deflections. 

A direct lead is taken by placing the record- 
ing electrode directly on the myocardium; in 
a semidirect lead the electrode is separated 
from the heart by electrically inactive but con- 
ducting tissue. In direct leads the QRS complex 
has been shown to consist of two parts: (1) 
an “‘intrinsie deflection,” which is the descend- 
ing limb of the R wave and is written when 
the portion of the myocardial surface immedi- 
ately beneath the electrode undergoes activation, 
and (2) the ‘‘extrinsie components,”’ which are 
the portions of the complex preceding and 
following the intrinsic deflection and represent 
the activation of the remaining surfaces of the 
ventricular muscle.’ 

Thus, in a direct lead the characteristics of 
the extrinsic components come nearer to re- 
flecting the characteristics of the electrical field 
of the heart as a whole than does the amplitude 
of the deflection, for the amplitude is written 
by the intrinsic deflection, representing the very 
small subjacent portion of the myocardium. 
Because the amplitude-distance relationship for 
the various regions of the heart is an exponen- 
tial one, nearly all but the subjacent portion of 
the heart are brought into electrical equidis- 
tance at electrode distances considerably less 
than 12 cm. from the heart. This can be seen in 
the tracings published in connection with 
amplitude-distance studies of the deflection as 
a whole, for the general contours of the deflec- 
tions have become constant at electrode posi- 
tions much less than 12 em. from the heart.®: 7 
The contour of a deflection and its resultant 
electrical sign are principally functions of the 
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Fic. 4.—The tracings are from the same subject as those of figure 3. A and B: The null points on the 
anterior and posterior aspects of the cylinder are plotted and connected by a line which describes the 
pathway of intersection on the surface of the cylinder of a plane defined by these four null points for 
the QRS and T mean spatial vectors; these are lines of zero isopotentiality for the electrical field of 
each vector. C and D: QRS and T complexes from the V leads are copied onto paper the same size as 


was used for the null contour plotting; the transitional complexes are connected by a smooth curve 
which indicates the QRS and T transitional pathways for that subject. 
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extrinsic Components of the deflection. There- 
ore, at electrode positions less than 12 em. 
rom the heart, under most circumstances, the 
esuliant electrical sign of a deflection (whether 
tis . principally positive or negative deflec- 
tion) reflects the mean electrical activity of the 
art as a whole. 

The resultant electrical sign of a deflection 
is 2 gross property of the deflection. To use 
such a property for the study of the electrical 
ied of the heart might seem to be lacking in 
yecision. Actually, however, the distribution 
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positions less than 12 em. from the heart would 
require more information about the electrical 
field of the heart than is at present avail- 
able. 

It must be recognized that body surface 
leads give at best only crude and general no- 
tions of the electrical processes of the heart. 
These limitations are often overlooked when 
theories or instruments of considerable intrinsic 
precision are adapted to the human electro- 
‘ardiogram. However, the reverse has often 
been true, and sound principles governing the 


Fic. 5.—The recordings are from the same subject as those of figures 3 and 4. Comparison of null 
contours and transitional complex pathways on the anterior chest, A, and the posterior chest, B. 


of transitional complexes, those with a resultant 
elecirical sign which is zero or null, is a quite 
Drecise property of a mean spatial vector, for 
the electrode writing such a deflection lies on 
a piune perpendicular to the vector. From this 
distribution of transitional complexes it is pos- 
sible to determine the direction in space of the 
me:n QRS and T electrical forces of the heart 
Wit’: reasonable accuracy, as these experiments 


deiionstrate. The calculation gives no informa- 
tio! as to the magnitudes of QRS and T forces. 
lo determine their magnitudes. from electrode 


propagation of electrical forces have been de- 
layed in their acceptance by an awareness of 
these limitations—even to the extent that some 
investigators have regarded the properties of 
the electrical field of the heart in the human 
subject as unique and not subject to recognized 
principles of physics. 

There may also appear to be an oversim- 
plification in comparing precordial deflections 
in the human subject to potential variations 
taking place on the surface of an idealized 
cylindrical volume conductor. After all, the 
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hum: chest is only crudely cylindrical, it is 
vari! le in its contour, the heart is anatomically 
eccen vically placed in the chest, and the in- 
tervening tissues are remarkably different in 
gross structure. Nevertheless, as others have 
indic ted, the distribution of an electrical field 
in spuce is expressed by laws which are dif- 
feren’ from those governing anatomic distance 
and structure.’ In an electrical sense, the chest 
proves to be remarkably similar ‘to a cylinder 
with the heart at its center, as these studies 
demonstrate. 
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resembled projections from single central QRS 
and T spatial vectors. The forces from the 
ventricular surface nearest the electrode did 
not significantly dominate the deflections in 
this regard. Because this study has been con- 
cerned with the resultant sign of the entire 
complex, no conclusions can be drawn regarding 
the extent to which individual portions of the 
QRS complex in precordial leads were written 
as if by single central instantaneous vectors. 

In Group 3 subjects, there was often a dis- 
crepancy of one or two, rarely three, V-lead 


Fic. 7.—The recordings are from the same subject as those of figure 6. Comparison of the path- 
way of the QRS and T null contours with the pathways of transitional QRS and T complexes on 
the anterior chest, A (left), and the posterior chest, B (right). 


RESULTS 


In all instances the distribution on the chest 
of transitional QRS and transitional T com- 
plexes closely followed the lines of zero isopoten- 
tialiiy, or null contours, calculated for the 
same subject’s chest from his mean spatial 
Qs and T vectors. Figures 5 and 7 illustrate 
the similarity between the transitional path- 
wa\s and the null contour in 2 cases taken 
froin Group 1. In the thousand-odd cases stud- 
ied, then, unipolar leads from the chest  re- 
cored deflections which in resultant direction 


positions between the electrode position where 
the transitional complex was recorded and the 
electrode position through which the null con- 
tour was calculated to pass. In some instances 
this discrepancy was found to be due to inac- 
curately placed back or precordial electrodes. 
In other subjects, the simplifications and sche- 
matizations of the electrical field necessary for 
this type of study may have been the source of 
error. For example, the null contours were 
‘calculated for this group of subjects as if they 
all had chests of the same size, because chest 
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measurements were not available for this group 
of subjects. This must have introduced error in 
the calculations because, with other things 
equal, the size of the chest, especially its width, 
plays an important part in determining which 
precordial lead will write the transitional com- 
plex. 

Also, in calculating the null contours, the 
zero point or origin of the spatial vector was 
considered to lie at the center of the chest. 
For most electrode positions on the chest this 
may have been valid, considering the electrical 
remoteness of these electrodes. In many in- 
stances, however, the precordial group of chest 
leads was undoubtedly sufficiently near the 
heart to record the resultant potentials as pro- 
jections from a center point significantly to 
the left of the mid-line. If corrections had been 
made for these anatomic shortcomings, the 
results might have been improved, but this 
would have made the method more cumber- 
some and would not have increased its useful- 
ness. 


In certain of these subjects it is possible 
that the position of the null contour on the 
chest did not perfectly coincide with the posi- 


tion of the V lead with the transitional complex 
because there was significant domination of 
the V-lead deflections by the underlying myo- 
‘ardial surface—not enough to reverse the di- 
rection of the V-lead complexes, but enough to 
weight them for or against the occurrence of 
the transitional complex at the predicted pre- 
cordial lead position. At areas of the chest 
where the myocardium is particularly close to 
the chest wall, for example V, position, this 
may have been true. Precise calculation of the 
degree of resultant positivity or negativity of 
the deflections at each electrode position might 
have disclosed more’ discrepancies. However, 
such calculations were not considered justified 
in view of the variables and sources of error 
they would involve. 

Two subjects were encountered in this series 
of over 1000 cases in whom the underlying 
ventricular surface appeared to dominate the 
resultant direction of the deflection at a small 
area of the chest immediately overlying the 
apex of the heart. In both cases, positive T 
waves were predicted for the precordial leads 


V, to V, from the mean spatial T vector. How. 
ever, the precordial tracings proved to haye 
erect T waves at all positions except V; where 
a small isolated area of T negativity was found. 
The QRS complexes fitted well with the null 
contour established by the spatial QRS vector 
in these cases. Both subjects were young men 
with normal body builds and no clinical eyj- 
dence of heart disease, and therefore this type 
of isolated T-wave inversion in the precordial 
leads must be considered to be normal. Further 
studies of the mechanism of this unusual type 
of T-wave disturbance will be reported else- 
where. 


DiIscUSsION 

This demonstration that the resultant elee- 
trical signs of the chest lead deflections reflect 
the direction in space of the mean QRS and T 
vectors sheds light on several theoretic aspects 
of human electrocardiography. For example, 
these findings affirm the hypothesis that the 
body is a relatively homogeneous volume con- 
ductor. In the experiments, unipolar leads were 
taken from many different sites on all surfaces 
of the chest. Since the characteristics of these 
deflections so closely agreed with the charac- 
teristics of the electrical field projected from 
spatial vectors, the body cannot have signifi- 
cantly distorted the distribution of the electrical 
forces. This uniformity of conductivity, first 
suggested by Einthoven, has been challenged 
by many workers in the past, but has received 
more and more support in recent years. It is 
a fundamental assumption in most current 
methods for electrocardiographic interpreta- 
tion, and there is now little room to doubt 
that it is satisfactorily valid for clinical elec- 
trocardiographic methods. For the same reason, 
the experiments lend support to the assump- 
tions upon which spatial or three-dimensional 
electrocardiography is based.*: * 

The validity and usefulness of the Wilson 
central terminal is demonstrated by these stud- 
ies. Under the circumstances of these experi- 
ments, the central terminal was found to 
establish a reference point which was satisl:c- 
torily near the zero point in the sagittal as well 
as the frontal plane of the body. Ashman" 
studied the relationship of the central terminal 
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to ‘he precordial leads by a different method 
and also concluded that it establishes a refer- 
ence point reasonably near the center of the 
ele. rical field in three-dimensional space. 

‘he present study assumes the heart’s elec- 
tricl field to have a spatial distribution in the 
body such that the four spatial electrodes can 
be -onsidered to form an isosceles tetrahedron 
electrically. In this figure, the zero point of the 
fiel lies at the mid-point of the frontal plane 
anc equidistant electrically from the four elec- 
trodes. The error is evidently not great when 
the precordial lead deflections are treated as 
refleciing the mean direction of QRS and T 
forces arising from this point. 

‘These studies also demonstrate that conven- 
tional precordial leads can be used to measure 
certain spatial characteristics of the QRS and 
T forces of the heart. EKinthoven introduced 
his three limb leads thirty years ago as a 
method for studying the characteristics of these 
forces as they are projected on the frontal 
plane of the body. However, the clinical cor- 
relation of abnormalities in these leads with 
various types of cardiac disorders rapidly out- 
stripped the growth of knowledge of the mech- 
anisms producing these electrical abnormali- 
ties. Accordingly, the three leads have not 
been widely used to measure the electrical 
forces involved; instead, clinical electrocardiog- 
raphy has come to be based upon recognizing 
wave forms in the complexes of these and 
other often randomly selected leads for the 
interpretation. Ultimately, of course, clinical 
electrocardiography must be based upon an 
analysis of the changes in the electrical forces 
of the heart if it is to become a rational and 
objective clinical procedure. Principally owing 
to the work of Wilson and his colleagues, this 
method of interpretation is coming nearer to 
realization, and the present article is a step 
in this direction. 

‘The usefulness of studying the electrocardio- 
gram in terms of the spatial vectors is illus- 
tra'ed by the following example. The QRS com- 
ple. in a particular precordial lead, V, for 
ex: imple, may resemble the QRS complex of 
onc of the unipolar limb leads, V.z for example. 
This has been adduced to mean that, in this 
insiance, the right side of the electrical field 


faces the right arm. This interpretation has 
been found useful in defining the position and 
rotation of the heart*; however, it has never 
been clear why the leads with similar QRS com- 
plexes often have dissimilar T waves. Thus, the 
QRS may be inverted in both V; and Vz but 
the T wave may be upright in V, and inverted 
in Vx in the same subject. The explanation for 
this nonconcordance between QRS and T com- 
plexes in the two leads becomes apparent when 
the positions of the V; and Vx electrodes on the 
chest are considered in the light of the direction 
of the mean spatial vectors. Since the mean 
QRS and T vectors do not necessarily have the 
same direction in a given subject, the distribu- 
tion of positive and negative fields for each on 
the surface of the chest will be different. Thus, 
in a normal subject the QRS vector is often di- 
rected to the left and somewhat posteriorly. 
Therefore, the null contour, defining where 
transitional QRS complexes will be recorded, 
runs longitudinally down the left side of the 
chest. The area of the chest to the right of 
this line is electrically negative, and electrodes 
placed here will therefore write deflections 
which are inverted in their resultant direction. 
The area to the left is positive and deflections 
on this surface will be resultantly upright in 
direction. Since the electrodes for V; and Vp 
are placed to the right of this line, both leads 
will write downward deflections, and these QRS 
deflections will ‘“‘resemble” one another to this 
extent. The spatial T vector on the other hand 
may be directed vertically and slightly anteri- 
orly. The pathway of transitional T waves will, 
in such a case} lie transversely across the upper 
chest. V; and Vp electrode positions lie on 
opposite sides of this transitional zone, and 
the T wave of V, will therefore be erect, while 
the T wave of VR will be negative or in- 
verted. 

Using vector principles, much of empirical 
electrocardiography can be reduced to vector 
generalizations which greatly simplify clinical 
interpretation. For example, to make the elec- 
trocardiographie diagnosis of ventricular hyper- 
trophy, it need only be remembered that the 
spatial QRS vector tends to be directed toward 
the ventricle with the larger relative muscle 
mass. Accordingly, in right ventricular hyper- 
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trophy the mean spatial QRS vector should 
drift to the right and anteriorly. Under these 
circumstances the limb leads will record right 
axis deviation. In the precordial leads, the path- 
way where transitional QRS complexes will be 
recorded for-a vector with this direction runs 
obliquely across the upper left side of the chest. 
The pathway will cross the precordium near 
the V, precordial electrode position. V leads 
taken to the right of this pathway will write 
QRS deflections which are upright in resultant 
direction because their electrode positions lie 
in the area of electrical positivity for this spatial 
vector direction. The QRS complexes in V 
leads taken to the left of this line will be in- 
verted in resultant direction because this is the 
area of electrical negativity. This is the same 
distribution of QRS complexes that has been 
associated with right ventricular hypertrophy 
in all empiric studies of the electrocardiogram 
in this disorder. 

The many variations from this pattern of 
distribution of upright and inverted precordial 
QRS complexes can be easily evaluated by de- 
termining the direction of the mean spatial 
QRS vector in the given case. The T vector, 
normally relatively parallel with the QRS vec- 
tor in space, tends to become directed away 
from regions of ischemia and of hypertrophy. 
Accordingly, by studying the distribution of 
positive and negative T waves in the various 
leads, the direction of the spatial T vector can 
be determined, and from this the location of the 
area of disturbed electrical activity can in gen- 
eral be identified. 

The ventricular gradient is a concept which 
Wilson and co-workers introduced to define a 
fundamental relationship between the QRS and 
T vectors in the frontal plane of the body. This 
concept is the basis for a more rational and ac- 
curate method for interpreting the limb lead 
electrocardiogram.'*: * The results of the ex- 
periments reported here indicate that the pre- 
cordial leads can also be interpreted in terms of 
the ventricular gradient. The mean directions 
of the spatial QRS and T vectors can be readily 
determined from the three limb leads and the 
six precordial leads. It is thus possible to de- 
termine the angle between the two vectors (the 


QRS-T angle) in space, and this angle is an ex. 
pression of the ventricular gradient. 

The accurate calculation of the magnitide 
and direction of the ventricular gradient is ‘09 
time-consuming and exacting for routine ¢l:nj- 
cal use.’ With a little practice, however, ‘he 
spatial QRS-T angle can be determined fiom 
simple inspection of the conventional limb «nd 
precordial leads. This is done by first detern.in- 
ing the direction of the QRS and T vector: in 
the frontal plane, using the triaxial reference 
system with due regard to its polarity. “he 
limb lead on which the QRS is conspicuoi sly 
largest or smallest as a resultant deflectios, js 
identified. The QRS vector will have a diveec- 
tion parallel with the axis of the lead with the 
largest deflection, or perpendicular to the «xis 
of the lead with the smallest deflection. The 
same procedure is followed for the T vector, 
and with experience the directions of the two 
vectors in the frontal plane can be determined 
by inspection within a 10-degree error. 

In order to determine how far anteriorly or 
posteriorly from its frontal plane projection a 
spatial vector is directed, the precordial lead 
with the transitional deflection is identified. As 
has been shown in the above experiments, the 
electrode position where this complex occurs 
tends to lie on a plane which is perpendicular 
to the spatial vector at its origin. One can easily 
visualize, then, how far anteriorly or posteri- 
orly from the frontal projection the spatial 
vector must be tilted to have its plane pass 
through this particular V-lead position. To vis- 
ualize the vector in space, it is helpful to draw 
the frontal outline of the chest (or, simply a 
cylinder) with the frontal plane vector drawn 
at the center of the figure in the direction de- 
termined for it from the three limb leads (fig. 
2). The position of the precordial V-lead which 
contained the transitional complex is marked 
on the figure. The spatial vector will, of course, 
perfectly superimpose on the frontal plane pro- 
jection in this view. The line where the plane 
intersects the surface of the cylinder can then 
be drawn on the figure to pass through tlie 
point identifying the precordial electrode po-i- 
tion with the transitional complex. Once the 
method is understood, the QRS-T angle in 
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space can usually be evaluated without using 
the diagram, the entire procedure taking no 
more time than conventional methods for read- 
ing tracings. The QRS-T angle rarely exceeds 
45 (egrees in the frontal plane" or 50 degrees in 
spe! in the normal subject, and such criteria 
as ‘hese can form the basis for the clinical 
interpretation of the electrocardiogram. 

Yhis modification of existing methods for 
elec(rocardiographic analysis makes clinical in- 
terpretation of the electrocardiogram more ra- 
tional and objective, for the vectorial method 
tends to be a quantitative study of the electrical 
forces of the heart instead of a description of 
the deflections on arbitrarily selected leads. 
Furthermore it greatly simplifies learning to 
read the electrocardiogram, for all possible vari- 
ations and combinations in resultant direction 
of the QRS and T waves on all possible leads 
anywhere on the body are implicit in the direc- 
tions of these two mean vectors. The memoriz- 


ing of deflection sizes and combinations on the 
various unipolar and bipolar limb leads and 
precordial leads, and the taking of additional 
unusual leads become largely superfluous. The 


accuracy of the interpretation is enhanced be- 
cause Variations in the deflections due to altered 
position of the heart are quickly identified, and 
because the precision of the ventricular gradient 
concept is incorporated into the method. A 
more detailed description of the vector method 
and its usefulness for electrocardiographic inter- 
pretation will be presented elsewhere. 


CONCLUSIONS 


|. The relationship of the QRS and T de- 
flections of the precordial leads to the mean 
spatial QRS and T vectors has been studied. 
2. A method is presented for determining the 
distribution of QRS and T positivity and nega- 
tivi'y on the surface of a cylindrical volume 
con luetor the shape of the subject’s chest from 
the mean spatial QRS and T vectors. In a large 
nwiiber of subjects this distribution closely re- 
sen. bles the distribution of resultant positive 
an’ negative QRS and T deflections on the 
chest as determined by conventional V-lead 
me‘ hods. 
This similarity in distribution indicates 


that when precordial V leads are studied for 
their resultant electrical sign, that is, whether 
they are principally positive or negative de- 
flections, they reflect the mean direction in 
space of the electrical forces of the heart as a 
whole; the portion of the myocardium directly 
beneath the electrode does not appear to domi- 
nate significantly the precordial deflection as 
far as its resultant direction is concerned under 
most circumstances. 

4. Precordial leads can therefore be inter- 
preted by the same vector technique already 
demonstrated to be of such value in interpret- 
ing limb leads. This method reduces interpreta- 
tion to an analysis of the angle between the 
mean QRS and T vectors in space, which proves 
greatly to simplify the reading of precordial 
and limb leads, enhances their accuracy, and 
provides a more rational basis of electrocardio- 
graphic interpretation. 
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of the Spatial Vectorcardiogram in 


Left Bundle Branch Block 
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A method of vectoreardiography, in which the projections of the spatial vectorcardiogram in var- 
ious planes of an equilateral tetrahedron reference system are recorded, has been applied to the 
study of left bundle branch block. Results suggest that the method employed may provide infor- 
mation relative to the state of the myocardium and the extent of myocardial lesions which is not 


evident from electrocardiographic examination. 


“SA XPERIMENTAL evidence has shown 
that the electrocardiographic pattern re- 
garded as indicative of left bundle branch 
block may result from interruption of the left 
bundle branch by a local lesion.'! Clinical and 
pathologic evidence, however, has been pre- 
sented to suggest that more commonly this 
electrocardiographic pattern results from diffuse 
myocardial damage associated with hyper- 
trophy and dilatation of the left ventricle.?: * 
The clinical state and the poor prognosis of 
the majority of patients in whom left bundle 
branch block is diagnosed indicate that this 
electrocardiographie abnormality is usually as- 
sociated with grave myocardial damage. How- 
ever, a small proportion of patients with this 
disturbance in conduction show minimal clini- 
cal evidence of myocardial disease; it is pre- 
sumed that in these the bundle branch has been 
interrupted by a local lesion. 
The impossibility of determining by ordi- 
nary electrocardiographic methods the extent 

~« lesion responsible for or associated with 
lel! branch block prompted this study of the 
spatial veetoreardiogram in that condition. It 

s hoped that by analysis of the spatial vector 

it might be possible to determine whether the 
block arose from a generalized abnormality of 
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the conducting tissue or cardiac muscle of the 
left ventricle, from involvement of the septum 
by an anterior or posterior myocardial infarct, 
or from interruption of the bundle branch by 
a well localized lesion. 


MATERIALS AND METHOD 


Twenty-eight patients from the wards of the 
Charity Hospital, whose electrocardiograms had 
been interpreted as indicative of left bundle branch 
block, were selected for study. The QRS interval in 
all cases measured 0.12 second or more, and in 23 
sases unipolar leads from the left side of the pre- 
cordium showed definite delay in the onset of the 
intrinsicoid deflection. The electrocardiograms of 4 
subjects (Subjects 3, 4, 7, and 11) showed QRS 
intervals of 0.13 to 0.16 second but did not show 
broad, flat-topped or splintered R waves in the pre- 
cordial leads. Such tracings represent a_ special 
problem of interpretation and are not universally 
considered to indicate left bundle branch block. 

The spatial vectorcardiograms were recorded by 
the method described by Wilson and Johnston‘: 5 as 
modified in this laboratory. This method employs 
as a reference system the equilateral tetrahedron of 
Wilson.* The standard limb electrodes and a back 
electrode placed approximately 3 em. to the left of 
the seventh dorsal vertebral spine were used. The 
projections of the movement of the spatial vector on 
the frontal and sagittal planes of the tetrahedron 
were recorded simultaneously by means of two eath- 
ode-ray tubes. 

The connections of the cathode-ray tube used to 
record the frontal vectoreardiogram are similar to 
those described by Wilson and Johnston.‘ The right 
and left arm electrodes were connected to the plates 
of the cathode-ray tube producing horizontal de- 
flections; the plates producing vertical deflections 
were connected to the Wilson central terminal and 
to the left foot. The connections were so arranged 
that relative positivity of the left arm produced a 
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TABLE 1.—Clinical Data 


History 
Congestive History of Suggesting 
Failuret Angina | Coronary 
Occlusion 


Cardiac 
Enlarge 


¢ Clinica! Diagnosis 
ment 


Group I 


230/75; 148/60 H.C.V.D.,§ syphilitie aortie regur-ita- 
tion 

108/80 A.S.H.D. 

170/90 HO.V Dd. 

230/110; 188/74 a. 4 ? H.C.V.D. 

180/90 H.C.V.D. and A.S.H.D. 

102/86 AS.H.D. 

150/100 Bronchial carcinoma and H.C.V.D. 

140/40 Syphilitie aortie regurgitation 


Group 


95 + H.C.V.D. 
120; 130/90 ++ : H.C.V.D. 
135; 140/98 B.CV D. 
158 2 CVD. 
120 ws : H.C.V.D. 
110 H.C.V.D. 


Group 


75 A.S.H.D. 
135 H.C.V.D. and A.S.H.D. 
78 A.S.H.D. 
70 A.S.H.D. 
110 H.C.V.D. 
84 A.S.H.D. 
100 H.C.V.D. and A.S.H.D. 
75 A.S.H.D. 
130 wv. H.C.V.D. 
110; 124/64 H.C.V.D. and A.S.H.D. 
90 - AS.E.:D. 


Group IV 


170/90 Duodenal ulcer 
M 155/70 Benign prostatic enlargement and 
HCV .D.: 
M sl. 158/96 Bronchiectasis 


* Degree of cardiac enlargement is graded as — = no enlargement, sl = slight, + = moderate, ++ = severe, 
+++ = extreme. 

+ When two values for blood pressure are given, the first is the highest value recorded in the past and ‘he 
second the value obtained at the time the vectorcardiogram was recorded. When one value is given, it is tliat 
obtained at the time the vectorcardiogram was recorded. 

t Severity of congestive failure is graded as — = none, + = moderate, ++ = severe, and +++ = extren 
Isolated left ventricular failure is indicated by L.V. 

§ H.C.V.D. = hypertensive cardiovascular disease. 

A.S.H.D. = arteriosclerotic heart disease. 
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defltion of the beam to the left (or to the right, as 
viewed by the observer). The calibration is such that 
1 millivolt introduced into the horizontal circuit 
produces a deflection of the electron beam of 1.0 
inch) on the oscillographic screen and 1 millivolt 
intr dueed into the vertical circuit produces a de- 
flect on of 1.7 inches. The cathode-ray tube used to 
recod the sagittal vectoreardiogram was so con- 
nected that horizontal deflections were obtained 
fron. the Wilson central terminal and the back elec- 
trode, the calibration being 1.2 inches per millivolt. 
Rel: tive positivity of the back electrode resulted in 
movement of the electron beam to the right (as 
viewed by the observer when facing the sagittal 
plane from the left). The vertical deflections in this 
tube were obtained from the Wilson central terminal 
and the left foot, the calibration being a deflection 
1.7 inch per millivolt. Relative positivity of the foot 
electrode yielded a downward deflection of the beam. 

The projection of the locus of the spatial vector 
onto the superior, right, and left planes of the 
tetrahedron was also obtained by selecting proper 
combinations of electrodes. The calibrations used 
are necessary “standardizing factors’? because the 
potential differences are scalar quantities which are 
treated as vectors.7 

\Vire models representing the QRS sE-loops and 
T sE-loops were constructed from simultaneous 
photographie records of the frontal and_ sagittal 
vectoreardiograms, and the constructions were 
checked by records of the projection of the move- 
ment of the vector on the superior, right, and left 
surfaces of the tetrahedron. 

ileetrocardiograms showing the standard leads, 
unipolar limb leads, precordial Leads V, to V_ and 
Lead V, were obtained for the majority of subjects 
at the time of recording of the vectorcardiogram. 
Electrocardiograms (standard and precordial Leads 
V, to V¢) of the remainder of the subjects were ob- 
tained from the hospital files. The interval between 
recording of the electrocardiogram and of the vec- 
torcardiogram of these subjects was usually a few 
days. Correlation of the electrocardiogram, spatial 
vecioreardiogram, and clinical features was therefore 
possible. The clinical features considered most rele- 
vant to this investigation are recorded in table 1. 
Cardiae size and position were confirmed by roent- 
gehographie examination. When present, enlarge- 
met involved predominantly the left ventricle. 


RESULTS 


rawings constructed from tracings of the 
simultaneously recorded frontal and sagittal 
ve-toreardiograms are illustrated in figures 1 
th ough 4. For purposes of presentation the 
triaxial reference system was used in the frontal 
pline. Angles in the sagittal plane are meas- 


ured similarly with the +180 degree axis lo- 
cated anteriorly. The term ‘axis of the loop” 
is used to indicate a straight line drawn from 
the origin of the loop to its most distant point. 
This bears no constant relationship to the mean 
electric axis. 

With one exception (the frontal plane loop of 
Subject 26), the projections of the QRS sE-loop 
on both the frontal and sagittal planes are in- 
scribed in a counterclockwise direction. As 
would be expected from the observed S-T 
segment shift, the QRS sE-loop failed to return 
to the isoelectric point, its termination and the 
initial portion of the T sE-loop being displaced 
away from the origin. For this reason a closed 
T sE-loop was not written. The point at which 
the QRS sE-loops and T sE-loops become con- 
tinuous was readily recognized on the oscillo- 
graphic screen by abrupt deceleration of the 
fluorescent beam. This point of junction is in- 
dicated in the illustrations by the letter ./. 

For purposes of description only the sub- 
jects have been divided into four groups on the 
basis of similarity of the recorded QRS s-E 
loops: 

Group I. The QRS sE-loops of Subjects 1 
through 8 (figs. 1 and 7) tended to enclose a 
single plane area facing anteriorly and some- 
what to the left. The projection on the frontal 
plane enclosed a wide area located mainly in 
the first and second sextants of the triaxial 
reference system and the projection on the 
sagittal plane a relatively narrow area. Both 
the axis of the sagittal projection of the QRS 
sE-loop and that of the frontal axis lay between 
—30 and —70 degrees. The QRS sE-loops in 
this group presented a relatively smooth, oval 
or rounded contour. 

Group IT. The QRS sE-loops of Subjects 9 
through 14 (figs. 2 and 7, Subject 11) were 
elongated and directed upward, backward, and 
to the left. The areas enclosed by their pro- 
jection on both the frontal and sagittal planes 
were small. The axis of the frontal projection 
lay between —30 and --70 degrees and that of 
the sagittal projection between —40 and —45 
degrees. 

The majority of the spatial QRS sE-loops in 
this group presented an irregular contour. 





;. 1.—Group I: QRS sE-loops and T sE-loops of Subjects 1 through 8. 


Fic. 2—Group II: QRS sE-loops and T sE-loops of Subjects 9 through 14. 
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Fic. 3.—Group III: QRS sE-loops and T sE-loops of Subjects 15 through 25. 
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Fic. 6.—QRS sE- and T sEK-loops of two normal subjects. 
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Those of Subjects 10, 11, 12, and 14 were ro- 
tated on their longitudinal axis and did not, 
th-vefore, enclose a single plane area. 

roup IIIT. The QRS sE-loops of Subjects 15 
through 25 (figs. 3 and 7, Subject 18) were 
directed backward and to the left. The axis of 
the frontal projection lay between +70 and 
—7\) degrees, that of the sagittal projection 
between +20 and —60 degrees. Many of the 
QRS sE-loops in this group showed extensive 
indentations or irregularities, especially on the 
long limbs, and it was largely on this basis 
that these were classified together. The QRS 
sE-loops of Subjects 22, 23, and 24 were pro- 
jected almost directly backward and enclosed 
a wide, roughly rectangular plane area so ro- 
tated that the left surfaces were directed 
slightly upward. With the exception of these 
three subjects the projections of the QRS sE- 
loops on the frontal and sagittal planes en- 
closed approximately equal areas. The con- 
tour of the QRS sE-loops in this group were 
irregular or angular. 

Group IV. The QRS sE-loops of Subjects 26, 
27, and 28 (figs. 4 and 7, Subject 26) were 
elongated and differed greatly from those of the 
other groups in their downward direction. The 
axis of the frontal projection lay between +70 
and +80 degrees, that of the sagittal projec- 
tion between +60 and +100 degrees. Both 
projections encompassed relatively small areas. 
The QRS sE-loops of Subject 26 enclosed a plane 
area, presented a smooth contour, and resem- 
bled closely in character and direction that of 
the normal vectoreardiogram. 


DIscuUSSION 


The known variability of the extent and 
distribution of the pathologic changes asso- 
ciated with left branch block and the impossi- 
bility of pathologie correlation, except in 2 sub- 
jects, make it difficult to draw from this study 
nore than tentative conclusions. The spatial 
vectoreardiographic pattern in the subjects of 
‘roup I and that in subjects with clinical and 
‘ectrocardiographic evidence of left’ ventricu- 
ar hypertrophy exhibited a striking resem- 
ance (figs. 1, 5, and 7, Subjects'7 and Aj). 

gure 5 shows the frontal and sagittal projec- 
tons of the QRS sE and T sE-loops of 2 sub- 


jects with severe left ventricular hyp 

The similarity between these spatial 

those of the subjects in Group I sug 

in some cases an electrocardiograph: 
interpreted as indicative of left branch biock 
may in fact represent an expression of severe 
left ventricular hypertrophy. In this connec- 
tion it may be noted that in Subject 7 of 
Group I, in whom death occurred from bron- 
chial carcinoma, the only cardiac abnormality 
found at autopsy was hypertrophy and dilata- 
tion involving particularly the left ventricle, 
although detailed serial sections of the region 
of the left bundle branch were not obtained. 

With one exception (Subject 13) the subjects 
in Group II showed severe to extreme cardiac 
enlargement and evidence of moderate to se- 
vere chronic congestive heart failure. The QRS 
sE-loops of these subjects enclosed 2 much 
narrower area and had a more irregular con- 
tour than those of the subjects in Group I. It 
would seem that these characteristics of the 
loops are most likely to arise from presence of 
diffuse myocardial damage. 

Group III is of particular interest in that 
three of the subjects in this group had exhibited 
a clinical svndrome typical of coronary oc- 
clusion. The pattern of the QRS sE-loops of 
these subjects was similar to that which might 
be expected to result from failure of the an- 
terior or anterolateral surface of the left ven- 
tricle to contribute to the formation of these 
spatial loops. The movement of the efferent 
portion of the QRS sE-loop in Subjects 18, 20, 
24, and 25, resulting in the appearance of Q 
waves in Leads I or Vz of the conventional 
electrocardiogram, suggests the probability of - 
infarction of the septum as well. 

The clinical state of the subjects in Group 
IV differed greatly from that of the subjects 
in the other groups. In the subjects of Group 
IV, cardiac enlargement was slight or absent, 
and there was no evidence of congestive failure. 
The QRS sE-loops of these subjects, as indi- 
‘ated previously, tend to resemble those of 
normal subjects. 

The QRS sE-loop of Subject 26 in this group 
differed from the normal only in its rate of 
inscription and failure to return to the isoelec- 
tric point (fig. 4). This patient died following 
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‘Fic. 7.—Stereoscopic photographs of wire models representing QRS sK-loops and T sK-loops. (See text.) 
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Fic. 8.—Electrocardiograms of subjects whose QRS sE-loops and T sK-loops are shown in figure 7. 
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the occurrence of a massive hemorrhage from 
, duodenal ulcer, and postmortem examination 
reveled diffuse, patchy interstitial fibrosis, par- 
ticulurly of the septum. Only slight coronary 
scle osis and slight left ventricular hypertrophy 
wer present. It seems probable that in this pa- 
tien’ bundle branch block arose from a local 
lesion. 

1 purposes of comparison the frontal and 

ital projections of the QRS sE-loops and T 
sk-loops of two normal subjects are presented 
in figure 6 and in figure 7, Subject A». In beth 
of these subjects the projection on the frontal 
plane of the QRS sE-loop moved ina clockwise 
direction and the projection on the sagittal 
plane counterclockwise. 

Photographs of the wire models of the QRS 
sE- and T sE-loops of a representative subject 
from each group are shown in figure 7. These 
may be viewed stereoscopically by placing a 
card between a pair and moving the page 
slowly toward or away from the eyes until a 
three-dimensional effect is obtained. The QRS 
sk- and T sE-loop models of a subject with left 
ventricular hypertrophy and those of one of the 
normal subjects are also shown. The electro- 
cardiograms of these selected subjects, with the 
exception of the normal, are shown in figure 8. 


SUMMARY 


The spatial vectoreardiographic pattern in 
twenty-eight subjects with electrocardiographic 
evidence of left bundle branch block is de- 
scribed. The wide variation in this pattern was 
noted, and the subjects were divided into four 
groups on the basis of similarity of the QRS 


sk-loops. 


The spatial vectorcardiographic pattern of 
one group (Group I) resembled that of some 
subjects with severe left ventricular hyper- 
tropliy. Postmortem examination of one pa- 
tient from this group revealed hypertrophy and 
dila‘ation affeeting particularly the left ven- 
tric 


I). another group (Group II) the QRS sk- 


loops enclosed a narrow irregular area, and 
most of the subjects showed extreme cardiac 
enlargement and moderate to severe congestive 
heart failure. It is suggested that the pattern 
of the loops in this group is consequent to gross 
diffuse myocardial damage. 

The QRS sE-loops of the subjects in Group 
III were characterized by extreme irregulari- 
ties such as might be expected if a myocardial 
infarct were present. The clinical histories of 
three of these subjects were compatible with 
myocardial infarction. 

Three subjects with minimal clinical evidence 
of cardiac disease presented QRS sE-loops which 
were similar in direction to those of normal 
subjects. One of these loops was also similar in 
contour to normal vectoreardiograms and at 
autopsy minimal evidence of cardiac disease 
was found. 

This study offers suggestive evidence that 
spatial vectorcardiography may provide infor- 
mation relative to the cardiac status of pa- 
tier.ts with the electrocardiographic pattern of 
left bundle branch block which is not obtain- 
able with conventional electrocardiograms. 
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Anomalous Atrioventricular Excitation Pro- 
duced by Catheterization of the Normal 
Human Heart 


By Cuarves E. KossMann, M.D., ApotpH R. Bercer, M.D., STANLEY A. BrILLER, M.])., 
BertHa Raper, M.D., AND JoserpH Brumiix, M.D. 


During the withdrawal of a catheter-electrode through the right ventricle of 2 normal subjects 
the electrogram displayed briefly a short P-R interval and an aberrant QRS. In the simultaneously 
recorded standard lead, the phenomenon simulated what is seen in the Wolff-Parkinson-White 
syndrome. The findings are presented in support of the physiologic, rather than anatomic, expla- 
nation for anomalous atrioventricular excitation. 


ODI-PALLARES and his associates! have 

reported on the nature of the intracardiac 

deflections when the standard electrocar- 
diographic leads displayed the characteristics 
first described by Wolff, Parkinson, and White.” 
As part of the study they were able to produce 
records of a similar type in dogs. This was 
accomplished by tapping the upper portion of 
the interventricular septum with a probe which 
had been pushed through the free wall of the 
right ventricle. Following such manipulation 
there were, occasionally, runs of a rhythm 
characterized by a normal P wave, a short P-R 
interval, and an aberrant QRS with a slurred 
initial ventricular deflection (delta wave,’? anom- 
alous component®) not unlike that seen in 
anomalous atrioventricular excitation* in man. 


From the Department of Medicine, New York 
University College of Medicine, and the Adult 
Cardiae Clinic, Third (N.Y.U.) Medical Division, 
Bellevue Hospital, N. Y. 

This study was aided by grants from the Knapp 
Foundation and the New York Heart Association. 

* Since the electrocardiogram under consideration 
may occur without the other features of the syndrome 
described by Wolff, Parkinson, and White,’ it is de- 
sirable to have some designation for it. Among those 
suggested have been: short P-R, bundle branch block 
syndrome,‘ pre-excitation,®> and anomalous atrio- 
ventricular excitation. The evidence against a block 
of a bundle branch being the mechanism responsible 
for the record seems convincing enough to make the 
first name undesirable. Pre-excitation® is a good term. 
It is brief, and embodies the concept of the mecha- 
nism involved without stating its specific nature. 
However, it fails to tell in what chamber the phe- 
nomenon is occurring, and whether the usual or other 
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In the course of a comprehensive study of 
the intracardiac potentials developed during 
electrical activity of the human heart, we have 
on two occasions while manipulating the cath- 
eter seen what appeared to be anomalous atrio- 
ventricular excitation in normal subjects. It is 
the purpose of this report to describe the records 
obtained. 


CasE SUMMARIES 


Patient QWI was a 45 year old Negro admitted 
to the hospital because of a convulsive seizure, the 
second since he sustained a fracture of the skull six 
months before admission. The course and laboratory 
data, including an electroencephalogram and x-ray 
examination of the skull, confirmed the clinical im- 
pression of post-traumatic epilepsy. Cardiac exami- 
nation, including an electrocardiogram (fig. 1) and 
a teleroentgenogram, gave entirely negative fincings. 
There was no history of paroxysmal tachycardia. 
Cardiac catheterization was performed one week 
after the last convulsion. 

Patient PAQ was a 49 year old Filipino waiter, 
resident in the United States for twenty-two years, 
admitted to the hospital because of intermittent 
chills and fever of two weeks’ duration. Two days 
after admission a low-grade fever subsided. The sub- 
sequent course and laboratory data favored a <liag- 
nosis of grippe. Cardiac examination, including an 
electrocardiogram (fig. 3) and teleroentgenog:am, 
was productive of negative findings except for a soft 


pathways of ventricular excitation are involved. 
Anomalous atrioventricular excitation is perhaps | vest, 
although the objection to this term is the fact ‘hat 
anomalous excitation of the kind it implies is usu: lly, 
though not always,‘ limited to the ventricles or a }art 
of them. Despite this shortcoming it is believe:! to 
be the most desirable designation. 
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systolic murmur heard at the apex. There was no tracardiac lead, the other to record in the usual way 
history of paroxysmal tachycardia. Although exam- a lead somewhere from the surface of the body. The 
ination of the spinal fluid revealed no abnormality, intracardiac exploring electrode was a solid woven 
sero zie reactions for syphilis (Wassermann and -atheter* with a silver cylinder, 3 mm. in length, at 


Fic. 1.—Electrocardiograms of Patient QWI. In the upper row are the standard leads (I, II, 
III), and the augmented extremity potentials (aVp, aVL, aVr) recorded at normal sensitivity of the 
string (1 mv. = 1 em.) The lower two rows are a continuous record of an intracardiac lead at 0.15 
normal sensitivity made simultaneously with Lead I as the tip of the intracardiac catheter was 
slowly withdrawn from a point in the pulmonary conus (Vry3) toward the lower part of the right 
ventricle near the apex (Vpys) Withdrawal of the catheter was halted just before the standardization 
seen in Lead I of the lowest record. Just preceding this the shortening of the P-R interval (numbers 
under the intracardiac lead) and the considerable change in the QRS complex of both leads can be seen 
vithout significant change in the length of cycles (numbers in parentheses above the intracardiac 
lead). The new form continues to the end of the strip. Particularly to be nofed is the slurred ascending 
limb of the R wave in Lead I, and the simultaneity of the peak of this deflection with the notch 
m the ascending limb of the aberrant QRS complex as well as with the nadir of the S wave of the 
‘arlier supraventricular complexes recorded from inside the heart. 

The simultaneous Lead I is distorted by somatic tremors. Its smaller size, compared to the Lead I 
n the top row, is probably explained on the basis of increased resistance across this lead which de- 
eloped as the electrode jelly dried in the course of the experiment. This tended to increase the 
elative size of the short circuit through the central terminal because a common electrode was used 
mn each extremity. Time lines occur every 0.2 sec. 


Kahn) were positive. He was regarded as having its distal end. The catheter was placed in the de- 
late latent syphilis. Cardiac catheterization was per- sired location by way of an antecubital vein, usually 
forme:| one week after admission. the left, under fluoroscopic observation. 

Success in obtaining the records here reported 


Mer Ss : 
[ETHODS was probably the result of our routine practice of 


Deails of the methods will be reported else- 
where ’ Briefly, two string galvanometers were used, * Manufactured by the U.S. Catheter and Instru- 
one, “ith an amplifier in circuit, to record an in- ment Co., Glens Falls, N. Y. 
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making continuous tracings at any time that the ventricular cavity. Both locations were probally jy 
catheter is being moved in the heart. In the first the outflow tract of this chamber. In the second 


€.775) 


Fic. 2.—Patient QWI. Two sirips taken from a continuous record made as the electrode was 
withdrawn from just below the pulmonary valve into the pulmonary conus. The upper string shadow 
in each row (Vpy2a) is the intracardiac lead at 0.15 normal sensitivity of the string. The lower is 
Lead I (1). 

In the upper row there is a ventricular premature systole. Within the heart it begins with a small 
summit, presumably because its focus of origin was not at the tip of the catheter but at some more 
proximal (or distal) point. In later parts of the record (not shown) ventricular premature systoles 
occurred in which there was no initial summit. In this record the appearance of positive S-T dis 
placement in systoles after the premature one is due to development of an injury potential from endo 
cardial pressure of the electrode. 

In the lower row, which begins four seconds after the end of the first, the injury potential on the 
intracardiac electrode has varied and given rise to a low, slurred summit just after the QRS complex 
of all four intracardiac complexes. The first two complexes in this row differ from the last two but in 
the simultaneous Lead I the corresponding ventricular deflections are the same in all four. Further, 
although the P-R interval is shortened within the heart (0.136 and 0.148 second), this is not evident 
in Lead I (0.170 second). The beginning of the large, intracardiac, ascending ventricular deflection 
(ascending limb of QS or S) is simultaneous with the peak of the R wave of Lead I in both types 
In the first two complexes, then, the rapid initial downward deflection followed by smaller, slower 
waves in both directions preceding the peak of the R wave, together constitute the anomalous com- 
ponent or the delta wave (representing ventricular muscle excited anomalously from an ectopic 
focus at the tip of the electrode superimposed upon and obscuring the earliest deflections resulting 
from normal supraventricular excitation). Unlike what is seen in figure 1, the delta wave is not 
premature enough or of sufficient magnitude to be reflected in Lead I either by a shortening or dis- 
tortion of the P-R interval or segment, or by a distortion of the QRS complex.’ Further, this de- 
flection varies somewhat in the first two intracardiac complexes as does the P-R interval. The num- 
bers in parentheses above Lead I show the length of the cycles between beats. 


patient (QWI), a short P-R interval and aberrant patient (PAQ), the change occurred while the tip 
QRS complex developed on movement of the elec- was being moved from one point to another in the 
trode from one location to another in the right right pulmonary artery. It is likely that more p:0X!- 
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mal parts of the catheter, particularly those just 
below the pulmonary valve where the curvature of 
the c: heter is usually sharper than elsewhere, made 
pressi:e on the ventricular wall to cause the abnor- 
mal eectroeardiogram which resulted. 


Fic. 3. 


second and third lines labelled Vav; and Veava. 
The lower record in these lines is the standard 
Lead I. The standardization in the latter on the 
lowest line indicates the point at which with- 


Klectrocardiograms of Patient PAQ. The symbols have the same meaning as in figure 2. 


The lowest row is a record of the potential within the right pulmonary artery (Vpai) recorded simul- 
taneously with Lead I(D as the intracardiac electrode was withdrawn slowly to a more proximal point 
in the right pulmonary artery. The numbers on the intravascular lead give the duration of the P-R 
intervals; the numbers in parentheses above Lead I give the duration of the cycle lengths. The 
horter cycle lengths preceding the aberrant ventricular deflections were probably fortuitous, for 
they occurred elsewhere preceding normal ventricular complexes. Sensitivity of the string was 
normal for all but the intravascular records where it was 0.4 normal (0.4 N). 

In the simultaneously recorded leads the appearance of the two middle QRS complexes preceded 
vy shorter P-R intervals are to be noted. The P wave varies somewhat in the pulmonary artery, as 
s usual with movement of the electrode. No change is seen in this deflection in Lead I. It is believed 
that the QRS complex of the last cycle in both leads is slightly widened as a result of impaired con- 
luction in the right bundle branch caused by pressure of the catheter. Subsequent ventricular de- 
ections in the strip were similar to those of the first complex shown. 


RESULTS 

T)\ intracardiae tracings, the standard leads, 
and \he extremity potentials of the 2 patients 
are +!;own in figures 1 and 3. In the first (Pa- 
tient QWI), the record obtained as the elec- 
trod: was being withdrawn from the pulmo- 
nary conus to the lower part of the right ven- 
tric near the apex is the upper tracing in the 


drawal of the intracardiac electrode was dis- 
continued. 

Just before withdrawal was halted, both the 
electrogram and the electrocardiogram changed 
considerably. In the former, the R wave was 
replaced by a deep, broad, negative deflection 
with a notch on its ascending limb simultaneous 
with the peak of R in Lead I. The RS-T seg- 
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ment became elevated and the T wave posi- 
tive. This was in contrast to the normal intra- 
-ardiac deflections in which the T wave was 
inverted, and the initial positive deflection, R, 
was gradually becoming larger and the 8S wave 
slightly shallower as the electrode was with- 
drawn. As might be expected in anomalous 
atrioventricular excitation, the S wave of the 
normal complex was not much altered, and 
could be identified as the notch on the ascend- 
ing limb of the abnormal QRS complex. Also, 
as might be expected, the duration of the P-J 
interval* was the same in both types of systoles. 
In the simultaneous electrocardiogram (Lead 
I) the ascending limb of the R wave became 
slurred (anomalous component, delta wave), 
and the T wave almost isoelectric, simulating 
what is seen in the Wolff-Parkinson-White syn- 
drome. The P-R_= interval, measured with 
greater accuracy in the electrogram, shortened 
from 0.149 second to 0.116 second, and was 
quite constant in all of the anomalous com- 
plexes. It also became shorter in Lead I. The 
P wave did not change. The cycle lengths with 
either type of ventricular excitation did not 
vary significantly or according to any recog- 
nizable pattern. The anomalous ventricular ex- 
citation persisted for twelve beats, at the end 
of which time recording was discontinued. When 
it was begun again, less than a minute later, 
the anomalous excitation had ceased. 

Earlier in this experiment as the catheter 
was being withdrawn from one point to another 
in the conus itself the record shown in figure 2 
was obtained. The upper intracardiac record in 
this figure shows simply a ventricular prema- 
ture systole. The lower record differs from 
figure | in that the simultaneous standard Lead 
I does not show a delta wave even though the 
form of the initial parts of the intracardiac 
QRS complex in the first two complexes is quite 
different from the last, more normal two. Also, 
the P-R interval of the anomalous beats is 
slightly shorter than the normal in the lead 
from within the heart, and more so in the first 
(0.136 second) than in the second (0.148 sec- 
ond), but it is not shorter in the external lead. 

* The interval measured from the beginning of the 


P wave to the junction of the QRS complex and the 
RS-T segment. 


These data suggest that in this instance the 
myocardium excited anomalously was of such 
small extent that the phenomenon was not re- 
flected in the QRS complex of Lead I. iven 
though ventricular excitation was slightly pre. 
mature, no shortening of the P-R interv:! oe. 
curred in Lead I. 

If one were to grade the three different : ypes 
of anomalous beats shown, on the basis «of the 
extent of the anomalously excited muscl, the 
completely aberrant record within the hea: | and 
in the standard lead (premature systole) ‘vould 
be first (fig. 2, upper record); the partially 
aberrant record found both within the hear 
and in Lead I would be second (fig. 1); and 
the aberrant record found within the heart but 
not in Lead I would be third (fig. 2, lower 
record). It would appear that prematurity of 
the ectopic beat, whatever its cause, was the 
factor responsible for the absence of or cliffer- 
ent nature of anomalous deflections when they 
occurred. 

In the second patient (PAQ, fig. 3), the 
‘atheter was moved only a few centimeters 
while the tip was in the right pulmonary artery. 
At the end of this exploration it was still well 
to the right of the bifurcation of the pulmo- 
nary stem as determined on a frontal fluoro- 
scopic projection. During the withdrawal, a 
record (Vpaz) Was made simultaneously with 
Lead I (lowest line in fig. 3). In the figure the 
first beat may be regarded as the normal. The 
middle two are abnormal. In these the slurred 
ascending limb of R, the inverted T, and the 
short P-R interval in Lead I accompanied in 
the intravascular lead by a large, early, positive 
deflection rather than a late one, are easy to 
see. P waves are all the same in the standard 
lead but vary somewhat in the arterial lead as 
expected when the electrode is moved in the 
pulmonary artery.’ Cycle lengths vary as shown 
by the numbers in parentheses above Lead I. 
Variations of this degree were found elsewhere 
in the record and were not considered to be 
significant. 

The last QRS complex in this figure dilfers 
from the first in that it is wider and this wilen- 
ing affects principally the R wave in the pul- 
monic lead and the S$ deflection in Lead I. The 
T wave in the latter is also slightly taller ‘han 
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in the normal control. The precise cause of these 
variations, seen in one other systole of the 
recor{, is unknown although impaired conduc- 
tion ‘rough the right bundle branch produced 
for o1e beat by pressure of the catheter is a 
possi! ility. 

Discussion 

The data presented may be interpreted in 
one 0! three ways: (1) the catheter increased 
the ruivthmicity of a center in the ventricular 
musc!e Which then fortuitously discharged at a 
rate similar to but preceding that of the sino- 
atrial node; (2) the catheter itself, extending as 
it docs through the right atrium, was moved 
by contraction of this chamber to a sufficient 
degree to make more distal parts of it in the 
ventriclestimulate the latter prematurely, prob- 
ably in the region of the upper right side of the 
interventricular septum; (3) the catheter  in- 
creased the irritability of a ventricular center 
which was then discharged prematurely by 
atrial systole, either electrical or mechanical. 

The first is unlikely because the cycle lengths 
preceding either a normal or an anomalous 
heat varied considerably (figs. 1 and 3). That 
an ectopic focus should discharge fortuitously 
under such circumstances just before and in 
relatively fixed relation to normal supraventric- 
ular excitation of the ventricles is not probable. 
The second is possible although the experi- 
mental observations on dogs! make it clear that 
a phenomenon similar to anomalous atrio- 
ventricular excitation may occur after the me- 
chanical stimulus to the upper septum has been 
withdrawn. On the basis of this finding it is 
believed that the third interpretation, namely, 
an increase in irritability of a ventricular focus 
produced by the catheter, is most likely, and 
that the discharge of this center depends on 
either electrical or mechanical events in the 
atria. 

Contraction of the atria as a stimulating 
factor seems a good possibility, since the ‘“a”’ 
wave of the atrial sphygmogram in man begins 
on the average 0.09 second after the beginning 
of th P wave." This causes a slight rise in 
intra entricular pressure which under certain 
circuinstances of heightened irritability of the 
ectopic focus, such as could be caused by a 


foreign body (catheter) in the heart, may result 
in its premature discharge and the develop- 
ment of a short P-R interval and aberrant 
QRS complex. The time of discharge will de- 
pend in part upon the degree of irritability. 
All varieties of anomaly of the QRS complex, 
from a simple delta wave in direct leads with 
no change in the P-R interval or in the QRS 
complex of semidirect or indirect leads,’ to 
considerable abbreviation of A-V conduction 
time and complete premature excitation of the 
ventricles from the ectopic focus,'!® are con- 
ceivable under such circumstances. 

A question of considerably longer standing 
than these observations, is whether a mech- 
anism similar to the one reported is responsible 
for the electrocardiogram seen in the Wolff- 
Parkinson-White syndrome. In the voluminous 
literature* which has appeared on this type of 
electrocardiogram, two principal mechanisms 
for its production have been suggested: one 
anatomic, the other physiologic. Among the 
anatomic tracts indicted have been: those simi- 
lar to bundles described by Kent;’ the para- 
specific connections between the common 
bundle, the left bundle branch, and the upper 
septum as described by Mahaim and Winston;!° 
and direct connections between the right atrium 
and the ventricular septum." Since the papers 
by Holzmann and Scherf* and by Wolferth and 
Wood” appeared, suggesting an anatomic basis 
for the electrocardiogram and indeed for other 
features of the syndrome, a possible physiologic 
basis has been almost completely ignored.* 

In retrospect, gpne of the fallacies of the 
anatomic concept has been to ascribe a fune- 
tion of conduction to a tract simply because it 
has been found to exist at necropsy in a patient 
known to have shown anomalous A-V excita- 
tion during life. It would appear that adequate 
attention has not been paid to control observa- 
tions; it is not known what number of subjects 
will display such tracts at necropsy who never 
displayed the syndrome during life. If these 
should turn out to be numerous, and the ob- 
servations of Glomset and Glomset!* suggest 
that they are, the cause of the organic theory 

* See the article by Segers, Lequime, and Denolin? 


and that by Ohnell® for a complete bibliography up 
to 1944. 
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should be seriously weakened. Further, and in 
addition to many other aspects, it is most diffi- 
cult to explain on an anatomic basis the pres- 
ence of the electrocardiographic features of the 
syndrome at times and their absence at others 
when the location and the rate of the pace- 
maker is constant. 

Without giving all the pros and cons of the 
controversy, ° it seems just as easy to explain 
most of the features of the Wolff-Parkinson- 
White syndrome on the basis of an ectopic 
focus in the ventricles as on the basis of an 
accessory conducting pathway. It is also just 
as difficult to explain certain phenomena by the 
former as by the latter. The evidence presented 
here does not prove the one concept or dis- 
prove the other, but it should revive interest in 
the physiologic approach to the final solution 
of the problem. 


SUMMARY AND CONCLUSIONS 


1. In 2 patients with normal hearts, electro- 
cardiograms with features usually ascribed to 
anomalous atrioventricular excitation were pro- 
duced as an intracardiac electrode was slowly 
withdrawn through the right ventricle during 
a continuous electrocardiographic recording. 

2. Contact of the catheter with the endo- 
cardial surface of the right ventricle resulted in 
increased irritability of a ventricular center 
most likely in the septum. During anomalous 
excitation of the ventricles this center was 
stimulated and discharged prematurely, possi- 
bly by the slight rise in intraventricular pres- 
sure ordinarily caused by atrial contraction. 

3. The time of discharge of the new center 
determined the appearance of the simultaneous 
standard lead. When discharge was slightly 
premature, as determined from an early, minor, 
anomalous appearance of the QRS complex in 
the intracardiac lead, no change in one standard 
lead, and by inference in the other standard 
leads, could be seen. 

4, Spontaneous physiologic alterations of a 
similar kind in a ventricular center would ex- 
plain most of the features of the Wolff-Park- 
inson-White syndrome, without assuming the 
existence of one or more accessory anatomic 


pathways of conduction between the atria and 
the ventricles. 
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Factors Influencing the Time of Appearance 
of Premature Systoles (Including a Demon. 
stration of Cases with Ventricular Prema. 
ture Systoles due to Re-entry but Exhibit. 
ing Variable Coupling) 


By I. Mack, M.D., anp R. LANGENDOoRF, M.D. 


The genesis of the most common cardiac arrhythmia, that due to premature systoles, still re- 
mains obscure. Observations made upon two patients with ventricular premature systoles are 
reported because of some unusual features of their timing which shed some light upon the 
mechanism behind the appearance of premature systoles, regardless of the extrasystolie im- 
pulse. The theories of the extrasystolic irregularities are reviewed with particular attention to 
the criterion of ‘fixed coupling” generally used to distinguish between premature systoles ex- 


plained by a re-entry mechanism and those explained by a parasystolic pacemaker. 


N MOST studies of premature systoles 
the time of their appearance has been al- 
most entirely ascribed to the mode of ori- 

gin of the ectopic impulse. In fact, the dis- 
tinction between the re-entry mechanism in 
cases of premature systoles with fixed coupling 
and parasystole in cases with varying coupling 
and with a common divisor of all interextra- 
systolic intervals was based primarily on such 
time relations. This article will attempt to 
demonstrate that variations in conduction of 
the premature impulse constitute another fac- 
tor which determines the time of appearance 
of premature systoles; thus, in the 2 cases to 
be described, the premature systoles can be 
ascribed to a re-entry mechanism and their 
varying coupling explained by varying con- 
duction. Rothberger emphasized that fixed 
coupling of premature systoles did not rule out 
the possibility of a parasystolic mechanism; 


From the Cardiovascular Department, Medical 
Research Institute, Michael Reese Hospital, Chicago, 
Ill. (This department is supported in part by the 
Michael Reese Research Foundation.) 

Aided by the Sam Ehrlich Memorial Club Fund 
for Cardiovascular Research. 

This article was presented as a preliminary report 
under the title, ‘‘Variations of Conduction in Re- 
entry Pathways in the Human Heart,” at the III 
Interamerican Cardiological Congress, Chicago, III., 
June 13-17, 1948. 


our material is presented to demonstrate that 
varying coupling of premature systoles does 
not rule out the possibility of a re-entry mecha- 
nism. 


MopeE OF ORIGIN OF PREMATURE SYSTOLES 


The genesis of premature systoles has been 
the subject of much study. Most observers 
now feel that premature systoles may arise in 
various ways. 

The concept of parasystole as first suggested 
by Fleming,' and later stated definitely by 
Kaufmann and Rothberger,?~ has as its basis 
the idea that certain premature systoles were 
manifestations of an ectopic focus with a regu- 
lar rate of impulse formation. Protection block 
(Schutzblockierung) was postulated to account 
for the fact that this ectopic center was ap- 
parently not penetrated by impulses of the 
dominant rhythm and discharged, with « dis- 
ruption of its intrinsic rhythm.?~ The frequency 
and time of appearance of the premature sys- 
tole were thought to depend on interference 
and dissociation between the two rhythms, on 
the presence of exit. block (Austritts/lock- 
terung),>7 and possibly also on some effect 
of the dominant rhythm on the “‘strengt!:” of 
impulse formation in the ectopic focus.’ Ven- 
tricular premature systoles which have een 
shown to be produced by such a mechanism 





I. MACK AND R. LANGENDORF 911 


ysually do not show fixed coupling with the 
jomin: nt beats. Oceasionally, however, fixed 
upling may appear to be present when only 
, shor’ strip of record is available because of 
, fortuitous relationship between the parasys- 
whic rhythm and the dominant rhythm (e.g., 
yhen tae cycle length of the dominant rhythm 
is almost an exact multiple or divisor of that 
of the ectopic rhythm). A parallel situation 
may be seen occasionally in complete auriculo- 
ventricular block in which the sinus nodal rate 
isalmost exactly twice the idioventricular rate; 
ort strips of record may then appear to 
lemonstrate partial A-V block with 2:1 con- 
duction, and only when a longer strip is ex- 
amined is it seen that the two rhythms are 
almost completely independent.* 

However, most premature systoles cannot 
ie explained by the above concept since they 
usually demonstrate fixed coupling to the beats 
of the dominant rhythm, regardless of varia- 
tions in this dominant rhythm. In such cases, 
ost investigators are convinced that the im- 
nilse causing the premature systole is in some 
way itself caused by the beat that precedes 
it.” * The exact nature of this causal relation- 
ship is still poorly understood. 

Many investigators have felt that the under- 
ving mechanism for this type of premature 
systole is re-entry, and that the premature 
eat is actually caused by the same impulse 
which produced the beat of the dominant 
hvthm but which, because of a certain critical 
prolongation of the refractory period in some 





egion of the heart, is able to re-enter the heart 
and so cause the premature systole. Attempts 
were first made to explain these premature 
systoles on the basis of a circus movement.?"!! 


However, the fact that the coupling may be 


sometimes as long as 0.85 second * * ” has 
heen considered to be an important argument 


*Seg-rs and associates’ have shown that even 
(uring omplete A-V block there may be some syn- 
chroniz \tion of auricular and ventricular rhythms, or 
lrequer'i close association of a P and R wave (phé- 
women (accrochage). They attributed this to inter- 
teactio..s developing between ventricles and auricles, 
Withou’ any conduction pathway, similar to the syn- 
throniyation which may occur when two frog hearts 
we placed in contact with each other. 


against this circus movement theory. For this 
reason, other investigators have suggested a 
broader concept of re-entry as a possible physi- 
ologic mechanism. They feel that in a certain 
region of the heart there may exist a critical 
prolongation of the refractory period so that 
the normal impulse, when it first arrives at 
this area, cannot penetrate or is not conducted 
through. When, however, very shortly after- 
wards the impulse reaches this area by another 
route, its refractory period will now be over 
and this impulse may then penetrate and be 
conducted through. In passing out of this area 
this impulse may now restimulate the rest of 
the heart provided the refractory period of the 
latter is now over.® * In any discussion in- 
volving this region, the separate conception of 
protection block is unnecessary since the pro- 
longed conduction assumed to be present in 
this region may tend to have the same effect 
as entry block. 

Other observers, avoiding this concept of 
re-entry, believe that the premature systole 
originates as a new stimulus from an ectopie 
or heterogenetic focus which was in some way 
activated by the preceding beat. Scherf™ ex- 
perimentally, by injection of various drugs into 
the heart muscle, produced ventricular pre- 
mature systoles of constant contour which 
showed fixed coupling to the preceding beats. 
That each premature systole was induced by 
the preceding sinus impulse was shown by the 
fact that the premature systoles disappeared 
when sinus standstill was produced by vagus 
stimulation. He believed that these premature 
systoles were not due to'a re-entry mechanism, 
but were due to the formation of a new stimu- 
lus, because warming the area of injection in- 
creased the number of existing premature sys- 
toles or elicited premature systoles if tried 
shortly after they had disappeared. In earlier 
experiments,'® when premature ventricular sys- 
toles produced in such a way followed not only 
the sinus beats but also artificially stimulated 
beats, he observed that these ventricular pre- 
mature systoles retained their original contour. 
The coupling to the artificially stimulated beat 
would depend on where in the heart this arti- 
ficially stimulated beat was produced, and 
whether or not either or both bundle branches 
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were intact. If the artificially stimulated beat 
arose in the opposite ventricle the coupling to 
the premature systole would be longer than 
when it arose in the same ventricle as the pre- 
mature systole. The fact that the ventricular 
premature systoles retained their original con- 
tour, he felt, argued conclusively for the idea 
that these ventricular premature systoles arose 
from one sharply circumscribed area and this, 
according to him, spoke against re-entry.'® 
However, if one postulates that the subepi- 
cardial injection of strophanthin, or digitoxin, 
produced a localized area of prolonged conduc- 
tivity (as these drugs are known to do) where 
the re-entry phenomenon could occur, then 
certainly heating this area could have the ef- 
fects he discovered. Because this area remained 
in the same location, the impulse coming out 
of this area would be conducted through the 
heart along the same pathway, and the form 
of the ventricular premature systole would thus 
remain constant. 

Many of those who feel that premature sys- 
toles with fixed coupling originate in an ectopic 
focus believe that the activity of the ectopic 
center although continuous is raised to an ef- 
fective level only when an impulse is conducted 
into it, or is completely inactive and develops a 
new impulse only when a stimulus penetrates 
it."* The idea of an ectopic center which rhyth- 
mically discharges subliminal impulses which 
are not effective, or cannot get out of the center, 
thus is not very far removed from the concept 
of parasystole. Indeed, cases have been re- 
ported in which the ventricular premature sys- 
toles were at first clearly parasystolic in origin, 
and in later records appear with fixed coup- 
ling,’ and another reported in which ventricu- 
lar premature systoles with fixed coupling and 
others due to parasystole were present in one 
record." 

It may well be asked: What happens to a 
sinus impulse which has activated the ectopic 
focus during the interval between the normal 
beat and the premature systole? If the length 
of the coupling interval is a measure of slow 
conduction out of the ectopic focus to the ven- 
tricle, then why is it necessary to postulate an 
ectopic focus, and how can we say the stimulus 
is one that has just been generated and not 
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the same one that has re-entered the ventricle? 
Attempts to answer this question have bee) 
made by suggesting that it is not the sinus jm. 
pulse itself that activates the ectopic certer oy 
makes possible the egress of the impulse fron 
this center into the rest of the heart, bu! some 
condition produced by this sinus impulse whic) 
becomes effective only sometime after this sinys 
impulse has passed. Thus, Rothberger’ mep. 
tions that the normal or dominant. i:npuly 
may have an effect on the conduction out of 
the ectopic center similar to the Bahnuni; effec 
of von Skramlik (path-clearing effect of « nodal 
beat for subsequent A-V conduction!’). Roth. 
berger® also suggests the possibility that an 
impulse can come out of the ectopic center 
only during the supernormal phase of condue- 
tivity produced by the preceding sini 
beat.”’-” Segers emphasizes the role of the nega- 
tive after-potential in the genesis of premature 
systoles, and he feels that the hyperexcitability 
after each contraction which coincides with the 
negative after-potential is responsible for the 
excitation to activity of an ectopic center. He 
found experimentally that drugs which di- 
minish the negative after-potential lead to the 
disappearance of premature systoles (acetyl- 
choline, quinidine, cocaine, procaine) and drugs 
which increase the negative after-potential in- 
crease the frequency of premature systoles 
(epinephrine, digitalis, strophanthin, veratrine, 
aconitine*). However, the presence of very 
long coupling (e.g., 0.85 second) cannot be ex- 
plained by the above theories since the super- 
normal phase of recovery or the negative after- 
potential usually does not appear so late in 
diastole.”-” The presence of long coupling, 
however, would not exclude the application of 
any of these factors to an area of prolonged 
conduction (where re-entry occurs), and where 
they could facilitate the entry or exit of an 
impulse. 

The presence of this interval between the 
beat of the dominant rhythm and the prema- 
ture systole has also been used as an argument 
against re-entry since during this interval there 
is no evidence in the electrocardiogram of the 
slowly traveling impulse in the re-entry )ath- 
way. However, a wave of excitation of narrow 
front and of very slow velocity will not register 
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in the electrocardiogram." This can be seen in 
the ; ortion of the electrocardiogram in which 
\-V -onduction and conduction down the com- 
mon bundle and bundle branches occur, and 
in which no sign of such activity can be de- 
tectel. 

Thus, in summary, it may be stated that 
most investigators agree that in the case of 
ventricular premature systoles with fixed coup- 
ling, the impulse of the dominant rhythm in 
some Way causes the emission of another im- 
pulse from a relatively fixed focus. Whether 
this focus is an area in which conduction is 
prolonged so that re-entry becomes possible, 
or whether this focus actually becomes acti- 
vated to initiate a new impulse cannot be 
answered definitely at this time. 


VARIABLE CONDUCTION AND PREMATURE 
SYSTOLES 


In any attempt to determine the mechanism 
responsible for premature systoles in a given 
case, 2 consideration of the variations in coup- 
ling of the premature systoles to the dominant 
beats, and of the variations in intervals be- 
tween the premature systoles, is of extreme 
importance. However, there is a factor in- 
fluencing these critical time intervals which 
has been somewhat neglected in most discus- 
sions. The impulse which is responsible for the 
premature systole must be conducted along 
pathways in which variations of conduction 
will have a marked effect on these time rela- 
tionships. Three possible regions may be con- 
sidered where variations may occur in the con- 
duction of the impulse which causes the 
premature systole: (1) In the pathway of the 
impulse of the dominant rhythm to the ectopic 
focus or to the region where re-entry occurs. 
(2) In the pathway from the point of exit from 
this ectopie focus or area of re-entry to the rest 
of the heart. This factor is important also in 
case of parasystole. (3) In a region which is 
somewhere between the above two pathways, 
a resion where there exists impaired conduc- 
tion making the phenomenon of re-entry pos- 
sible, namely, the re-entry pathway itself. All of 
the ) hysiologie factors which influence conduc- 
tion anywhere in the heart can affect conduc- 
tion in any of these pathways. . 


If the rates of conduction along all of the 
pathways outlined above remain constant their 
existence will not interfere much with our at- 
tempts to understand the origin of the pre- 
mature systoles in any given case. However, 
when such conduction delays become variable, 
the unravelling of the genesis of premature 
systoles in certain cases becomes very difficult. 
Thus, in a given case in which a regularly dis- 
charging parasystolic focus may be responsible 
for the premature systoles, the proof of such a 
mechanism may be greatly complicated or im- 
possible, when the intervals between the pre- 
mature systoles are affected by variable con- 
duction in the second pathway described above; 
it will then be impossible to find a common 
divisor for the various intervals between the 
premature systoles. Such factors may be re- 
sponsible for the variations in interextrasystolic 
intervals in the cases reported by Iliescu and 
Sebastiani.’: ?‘ A similar situation holds in par- 
tial A-V block with the Wenckebach phenom- 
enon and with dropped beats, in which, 
although the rate of discharge of the sinoauricu- 
lar node is absolutely regular, the ventricular 
rate may be quite irregular because of varying 
A-V conduction (especially if conduction varies 
from 2:1, 3:2; 6:5, and so on). 

Variable conduction in the pathways de- 
scribed may also lead to variable coupling of 
premature systoles to the preceding beat even 
when it can be shown that the latter is re- 
sponsible for the former. We shall demonstrate 
two such cases with ventricular premature sys- 
toles, in which the variations in the coupling 
can be explained on the basis of variations in 
conduction in these pathways. 


Case 1.—Figure 1 shows the limb leads of an 
electrocardiogram taken on a 25 year old man with 
rheumatic heart disease who was not receiving medi- 
cation. Numerous interpolated ventricular prema- 
ture systoles are present and exhibit variable cou- 
pling with the sinus beats. The spacing between the 
premature systoles appears to show some constant 
relation when compared in the various leads. How- 
ever, slight variations in the sinus rate can be ob- 
served, and with them occur similar variations in 
the intervals between the premature systoles (e.g., 
in the intervals between the last three premature 
systoles in strip 3 in figure 1). This fact, plus some 
features even better illustrated in another record 
(fig. 3) taken .on this patient, which will be shown 
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below, rule out the possibility of parasystole. The 
unusual feature of this record is the progressive 
lengthening of the coupling eventually leading to the 
omission of a ventricular premature systole. This is 
strongly reminiscent of the type of progressive con- 
duction delay seen in partial A-V block with the 
Wenckebach phenomenon. Thus, somewhere in one 
of the pathways discussed above, there is partial 
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could have the same effect. However, this conduc. 
tion delay — also occur in the pathway froin the 
ectopic focus, or from the area of re-entry t» the 
rest of the aa The fact that the length of the 
coupling appears to be inversely proportional +), the 
interval between the preceding two beats would 
seem to indicate that the conduction delay js in 
either of these two pathways. However, i). our 


Fic. 1.—Case 1. Limb leads. Strip A and B of each lead are continuous. There are numerous ventricular 
premature systoles with progressive lengthening of coupling, leading to the omission of a ventricular pr« 


mature systole. (Discussion in text.) 


block with 3:2 conduction, since every third sinus 
impulse is not followed by a premature systole. Can 
this conduction delay be in the pathway of the sinus 
impulse to the ectopic focus or to the region where 
re-entry occurs? We know from animal experiments 
of Scherf'*!> (see above) that changing the site of 
origin of the first beat may change its coupling with 
the premature systole that is caused by it. Then, 
certainly, variable conduction in such a pathway 


second case (figs. 4-6) the ventricular prem:ture 
systoles are not interpolated, but are followed by a 
compensatory pause, so that this relationship <oes 
not hold. Furthermore, if either of these pathways 
shows variable conduction, then certainly it is not in 
the path of the main spread of the sinus impulse 
over the heart, since there is no aberrant conduction 
as evidenced by any changes in the contour o! the 
sinus beat which immediately follows the prem: ture 
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systole. It is therefore entirely possible that this pro- 
oressiv'e conduction delay with the Wenckebach 
phen nenon occurs in the re-entry pathway itself. 
The length of the coupling would then be related to 
the interval or the duration of the rest period be- 
tweel: premature systoles. Such a relationship, pres- 
ent i this case, is also present in our second case. 

In most of Lead 1 of Case 1, every sinus beat is 
folloxed by a ventricular premature systole, i.e., 1:1 
conduction in one of the pathways just discussed. 
However, one unusual finding is the unexpected 
shortening of the coupling at the end of the strip 
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systoles are present with persistent bigeminal 
rhythm. The increase in sinus rate was induced by 
amyl nitrite inhalation. The coupling is seen to re- 
main rather constant, increasing slightly only to- 
wards the end of the strip as the intervals between 
the premature systoles become shorter, and as the 
intervals between the two beats preceding the pre- 
mature systoles also become shorter. The increase 
in sinus rate combined with the slight prolongation 
of coupling results in the inscription of fusion com- 
plexes as seen towards the end of the record, indi- 
cated by ‘“‘X.”’ Fusion beats formed in such a way 


Fig, 2.—Case 1. Chest leads. In Leads CF, and CF; every other sinus beat is followed by an inter- 
polated ventricular premature beat. (Discussion in text. 


without the dropping of a ventricular premature 
beat. This may be due to the fact that there is 
simultaneous slight slowing of the sinus rate with a 
consequent increase in the rest period between 
stimuli entering the region where re-entry occurs. 
However, it may also be considered 2s the same type 
of phenomenon sometimes seen in partial A-V block 
with the Wenckebach phenomenon when occasional 
shortening of the P-R interval occurs without the 
dropping of a beat.5 

Figure 2 shows the chest leads in this same case 
taken mmediately after the limb leads, and Leads 
CF; and CF; show the development of 2:1 conduc- 
tion i one of the pathways described above, since 
every other sinus beat is followed by an interpolated 
ventri-ular premature systole. . 

Figire 3 shows a portion of a very long record 
taken on the same patient several days later where 
humerous noninterpolated ventricular premature 


are unusual. The relative consistency of the coupling 
in the face of such marked variation in the sinus 
rate rules out parasystole. 

In examining long strips of the electrocardiogram 
in this patient it was noted that when the sinus rate 
was slow, every other sinus beat was followed by an 
interpolated ventricular premature systole. When 
the sinus rate became faster, bigeminal rhythm ap- 
peared, each conducted sinus impulse being followed 
by a noninterpolated ventricular premature systole, 
which was then followed by a nonconducted sinus 
impulse. Further increase in sinus rate leads to the 
disappearance of the ventricular premature systoles. 
All the phenomena described above could be found 
consistently in long strips of this patient. 


The case described above is very similar to 
one reported by Zander”> in 1927. He suggested 
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uced by amy! 


(Discussion in text.) 
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Continuous record of I 
cated by the same letter (A-A, B-B). Fusion complexes a 


nitrite inhalation. The coupling is seen to remain rather constant, increasin 


3.—Case 1. 


Fic. 
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that ‘here existed somewhere in the conduction 
system of the ventricles, a small portion in 
whic!) conduction was so slow that by the time 
the sinus impulse passed through this portion, 
the a solute refractory period of the ventricles 
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variations in coupling were due not to varia- 
tions in conduction but to variations in the 
rate of ectopic stimulus formation. 

In an abstract submitted to the III Inter- 
american Cardiological Congress, Winternitz?® 
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Fic. 4.—Case 2. Numerous noninterpolated ventricular premature systoles are present. (The 


variations in coupling are discussed in text.) 


Was over and they could again respond. He 
postiilated 3:2 block with the Wenckebach 
phen omenoninthisarea. Thisexplanation, when 
exan ined closely, is one which in essence also 
attrivutes the delay to the re-entry pathway. 
In 1:28, Goldenberg and Scherf” also reported 
a care with similar features, but felt that the 


called attention to disturbances in conduction 
of the extrasystolic impulse in cases of auricu- 
lar fibrillation which showed premature sys- 
toles with fixed coupling occurring after digi- 
talization. In his first case, showing bigeminal 
rhythm, the contour of the premature systole 
varies with the duration of the pause preceding 
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the conducted beat to which the premature 
systole is coupled. In his second case, showing 
intermittent bigeminal rhythm, the occurrence 
of premature systoles is demonstrated to de- 
pend on the duration of the pause preceding 


not receiving digitalis. Here again can be seen nu. 
merous ventricular premature systoles. Whenever 
two pairs of bigeminal beats follow one anothe:, the 
coupling of the second pair is longer than the first. 
Here, however, in contradistinction to the firs: two 
records presented, the rest period preceding the pai, 











Fic. 5.—Case 2. Record taken one month after the one reproduced in figure 4. (Discussion in text.) 


the conducted beat to which the premature 
systole is coupled. These phenomena are ex- 
plained by Winternitz by a partial exit block 
for the extrasystolic impulse in the first case 
and by a complete exit block in the second 
case. 


Case 2.—Figure 4 is a record taken on a 65 year 
old man with arteriosclerotic heart disease, who was 


of beats with the longer coupling appears longer 
than that before the pair with the shorter couy ling 
because these premature systoles are not inter- 
polated. It is, of course, possible that the sinus im- 
pulse which appears to be completely noncondu. ted 
may partially penetrate into an area in the vevtri- 
cles near the ectopic focus, or near the area 0! re- 
entry, before it is blocked and causes prolonga!1on 
of the next coupling interval.” There is, however, no 
definite evidence that this occurs. Another poss ble 
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explanation would be that, since the cycle length 
prece: ling the second pair of beats is longer than that 
prece: {ing the first pair of beats, the conduction in 
one 0 the discussed pathways is slower. However, 
in figure 6 where the occurrence of a series of three 
and 1.ore bigeminal beats is shown, this factor will 


the first one and here longer series of bigeminal beats 
are present in some of the leads. The shortening of 
the coupling towards the end of Lead III can be seen 
to be correlated with an increase in the interval be- 
tween the premature systoles which in turn is caused 
by the slight slowing in sinus rate. That the progres- 
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Fic. 6.—Case 2. Record taken seven months after the one reproduced in figure 4. (Discussion in 


ext.) 


be seen not to be responsible. Thus, here again the 
important factor which appears to affect the cou- 
pling s the interval between the premature systoles, 
or in other words, the rest period in the re-entry 
pathy ay itself. . 

Figure 5 shows a record taken one month after 
the lust one. The same phenomena are present. 

Figure 6 shows a record taken seven months after 


sive prolongation of coupling as seen in the last two 
figures was not due to the increased length of the 
preceding cycle can be seen also in this series of 
beats where the slight progressive prolongation of 
the cycle preceding each pair of coupled beats is 
nonetheless followed by shortening of the coupling. 
The ventricular premature systoles shown in figures 
4, 5, and 6 are not due to parasystole since careful 
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mensuration shows the slight variation in the inter- 
extrasystolic intervals to be dependent on the equally 
slight variations in sinus rate. 


We have thus demonstrated the importance 
of variable conduction in one of the three path- 
ways described above in affecting the time of 
appearance of premature systoles of similar 
contour. It should also be emphasized that a 
similar mechanism may operate in some cases 
in which the contour of the premature systoles 
varies. This applies to instances with fixed 
coupling as well as to some with progressive 
lengthening of the coupling. Thus, differences 
in contour of premature systoles, while in most 
instances best explained by assuming that the 
premature beats arise from multiple foci, may 
conceivably also be the result of variations in 
the topographic pathways selected by the im- 
pulse, as determined by variations in refrac- 
tory states of adjacent regions of myocardial 
tissue, in its course from the single ectopic 
focus or area of re-entry to the rest of the 
heart (i.e., aberrancy of conduction). In a simi- 
lar way such variations in conduction of the 
extrasystolic impulse may be responsible for 
variations in rate and in contour in some cases 
of paroxysmal ventricular tachycardia. 


SUMMARY 


The purpose of this paper has been to em- 
phasize the importance of the hidden variations 
in conduction in pathways usually not con- 
sidered in the determination of the genesis of 
premature systoles. 

Three possible regions may be considered 
where variations may occur in the conduction 
of the impulse which causes the premature 
systoles: (1) In the pathway of the impulse of 
the dominant rhythm to an ectopic focus, or 
to the region where re-entry occurs; (2) in the 
pathways from the point of exit from a para- 
systolic focus, an ectopic focus, or an area of 
re-entry to the rest of the heart; (3) in a region 
which is somewhat between the above two 
pathways, a region where there exists impaired 
conduction making the phenomenon of re-entry 
possible, namely, the re-entry pathway itself. 

The mechanism which in any given case 
may be responsible for premature systoles 


PREMATURE SYSTOLES 


(parasystole, re-entry, and impulse formation 
by an ectopic focus) is discussed. It was sug. 
gested that variations in conduction in one or 
more of the above pathways could affect sig. 


nificantly the time of appearance of prem: ture 
systoles owing to any of the above mechanisms. 
Thus, fixed coupling could not be consicered 
a conditio sine qua non for the diagnosis of .. re- 
entry mechanism, and, similarly, parasystole 
‘annot always be ruled out because of varia- 
tions in the interextrasystolic intervals. 

It was suggested that similar factors my be 
present in some cases in which the premature 
systoles have a variable contour, and in some 
‘ases of paroxysmal ventricular tachycardia 
with varying rate and complexes of varying 
contour. 

It was demonstrated that while it may often 
be impossible to determine its exact site, the 
existence, at least, of such varying conduction 
could often be detected as in two cases with 
numerous ventricular premature systoles which 
were presented. 
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Hypersensitive Carotid Sinus Reflex 
Associated with Spontaneous, Transient 


Complete Heart Block 


By Irvine L. Scuwartz, M.D., AnD Lupwia W. Ercuna, M.D. 


A patient with transient, intermittent, complete heart block had periods of asystole, accompanied by 
syncope, whenever his cardiac rhythm shifted spontaneously from regular sinus rhythm to complete 
auriculoventricular dissociation. Similar clinical and electrocardiographiec findings were produce | 
by carotid sinus pressure when there was regular sinus rhythm. During the periods of heart block 
carotid sinus stimulation produced no effects. Physiologic studies suggested that the site of sen- 
sitivity of the hyperactive carotid sinus reflex was located at the effector end of the reflex are. The 
possibility of structural damage to the heart from repeated stimulation of a hyperactive carotid 


sinus reflex is considered. 


HIS IS a study of a patient with syncopal 

attacks due to ventricular arrest which, 

on occasion, were found to occur when 
the cardiac rhythm shifted spontaneously from 
normal sinus rhythm to complete heart block 
and which, on other occasions, followed stimu- 
lation of the right carotid sinus. The observa- 
tions to be reported permitted an evaluation 
of the relative importance of the organic and 
neurogenic factors in the causation of these at- 
tacks and offered an opportunity to study the 
mechanism of transient heart block. 


Case Report 


The patient, a 73 year old Chinese man, was 
admitted to Bellevue Hospital following a fall in the 
street. He gave a one-month history of dizziness and 
fainting which had resulted in almost daily falls 
with consequent minor injuries. Unconsciousness 
usually lasted only a few seconds and was not 
related to head movement, neckwear, activity, or 
change of position. There were no aura, nausea, 
vomiting, tongue-biting, or incontinence of urine or 
feces. Chest pain, symptoms of diminished cardiac 
reserve, and previous heart disease or hypertension 
were denied. He did recall two episodes of palpitation 
during the three months prior to admission. System 
review and past history were otherwise noncon- 
tributory. The patient had been a heavy wine- and 
whiskey-drinker for many years but had entirely 
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discontinued drinking alcoholic beverages two 
months before admission. 

Physical examination showed a well-developed, 
well-preserved elderly Chinese man in no apparent 
distress. The rectal temperature was 98 F., respira- 
tory rate 24 per minute, pulse rate 56 per minute, 
and blood pressure 200/90. There were bilateral 
arcus senilis, right periorbital swelling and edema, 
and a laceration 2 inches in length over the right 
eye. No abnormalities of the carotid arteries or 
adjacent tissues were noted. The heart sounds were 
distant; the aortic second sound was louder than the 
pulmonic; and a soft, medium-pitched, blowing 
systolic murmur was heard over the entire pre- 
cordium, maximal in the third intercostal space at 
the left sternal border. The rhythm was regular with 
the ventricular rate equal to the pulse rate at 56 
beats per minute, except for brief periods of five to 
seven seconds of irregular rhythm terminating in 
complete ventricular arrest, following which the 
heart resumed activity at a regular rate. The re- 
mainder of the physical and neurologic examination 
revealed no abnormality. 

The urine was normal; its specific gravity was 
1.015. Complete blood count showed: red blood cells 
—4,800,000 per cu. mm.; hemoglobin—12.9 grams 
per cent; white blood cells—9,250 per cu. mm. with 
a normal differential count. The Mazzini reaction 
was negative. Blood chemical analyses gave the 
following values: fasting blood sugar—81 mg. per 
100 cc. of blood; caleium—12.4 mg. per 100 ce.; 
chlorides—528 mg. per 100 cc.; phosphorus —3.09 
mg. per 100 ec.; albumin/globulin ratio—4.5/2.4; 
nonprotein nitrogen—34 mg. per 100 cubic centi- 
meters. There were no parasites in the stoo!. The 
icteric index was 9. On lumbar puncture the initial 
pressure of the spinal fluid was 130 mm.; the |’andy 
reaction was negative; there were 900 red bloo:! cells 
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per cu. mm. of spinal fluid (traumatic tap); the Four days after admission while attempting to 
Wassermann reaction was negative; and the col- climb into bed the patient fell to the floor. The 
jpidal sold curve read 112210000. Posteroanterior pulse rate was reported as 35 beats per minute with 


Fic. 1.—A, Control tracing, normal sinus rhythm. B, Left carotid sinus pressure with massage; 
arrow indicates release of pressure, which at this point had been maintained for twenty seconds. 
C, Right carotid sinus pressure with massage, ventricular asystole, and convulsion. Pressure was 


applied during the interval between the arrows. (The unlettered strip is continuous with the strip 
immediately above.) 


Sa canara ene ade 


ae cert eee tel Ne Ee OO a 


Fig. 2.—A, Normal sinus rhythm. Right carotid sinus pressure with massage, ventricular asystole, 
ind convulsion. Pressure was applied during the interval between the arrows. B, Three minutes later. 
eriodic appearance of normally conducted beats of supraventricular origin indicates that, although 
«-V block was high grade, it was not complete. This probably represents the last vestige of normal A-V 
conduction. C, Ten minutes later. Stabilization in complete A-V block (compare with fig. 4, C). (The 
unlettered strip is continuous with the strip immediately above.) 


Yay {lm of the chest showed the lungs clear and a rise to 60 beats per minute an hour later. Two days 
the heart not enlarged. Roentgenograms of the skull later, testing of the right carotid sinus reflex by 


showed no abnormality. digital pressure produced asystole and syncope fol- 
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lowed by a few convulsive movements (fig. 1, (). 
During the next few weeks the patient was observed 
to exhibit normal A-V conduction at times and 
complete heart block at other times. Spontaneous 
attacks of dizziness and syncope occurred. At this 
stage the nature of his cardiac rhythm and the cause 
of the syncopal attacks were not clear, and studies 
were undertaken to clarify the relationship between 
the carotid sinus reactivity and the spontaneously 
occurring heart block in the genesis of the syneopal 
attacks. 


blocked (fig. 3, B), right carotid sinus pressure 
produced usually a slowing of the atrial rate of 19 
to 15 beats per minute, and occasionally no effect, 
However, carotid sinus pressure on either side failed 
to produce ventricular asystole on any occasion, 
whether the atrium was slowed or not. The failure 
of the atrium to slow on a few occasions ‘luring 
right carotid sinus pressure cannot be explaincd; the 
pressure was applied always by the same ol)server 
who made every effort to keep the intensity, loca- 
tion, and duration of stimulation constant at all 


Fic. 3.—A, Control tracing, A-V block. B, Right carotid sinus pressure with massage applied 
during the interval between the arrows. Three seconds after the application of pressure the atrial 
rate decreased from 79 per minute to 66 per minute without alteration in ventricular rate. C, Atropine 
sulfate (2.0 mg.) injected intravenously during interval between the arrows. D, Thirty seconds 
after injection of atropine. (Each unlettered strip is continuous with the strip immediately above.) 


Clinical Studies. When the cardiac rhythm and 
A-V conduction were normal, carotid sinus stimu- 
lation on several occasions gave the responses indi- 
sated in figures 1 and 2. Pressure on left carotid 
sinus produced a negligible response (fig. 1, B); but 
pressure over the right carotid sinus produced atrial 
slowing with change in the shape of the P waves and 
ventricular asystole which led to a convulsion (fig. 
1, C). The ventricular asystole produced by right 
carotid sinus stimulation was followed by a high- 
grade, but not complete, A-V block (fig. 2, B). 
Approximately ten to thirty minutes later this 
rhythm changed to that of complete A-V_ block 
(fig. 2, C). 


In contrast, whenever A-V conduction was 


times. During these observations, both with and 
without A-V block, the blood pressure range from 
90-144/40-62; and at no time did carotid sinus 
stimulation produce a primary depressor response. 

The demonstration of carotid sinus hypersensi- 
tivity during periods of normal sinus rhythm but 
not during periods of A-V block is to be anticipated, 
since a neurogenic (vagal) effect, which is mani- 
fested by a sudden interruption of A-V conduction, 
is not to be expected when A-V conduction 1s 
already blocked. 

On several occasions the patient was observed in 
a period of spontaneously shifting rhythms. At these 
times complete A-V block predominated wth 4 
ventricular rate of 34 beats per minute. Every five 
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to ten minutes there was a temporary restoration of 
4V conduction and normal sinus rhythm ensued 
yith « ventricular rate of 60 beats per minute. 
Mter one to three minutes of the normal sinus 
rhythin a spontaneous ventricular arrest of three to 
ten or more seconds occurred, following which there 
yas reactivation of an idioventricular center with 
omplete A-V block (fig. 4). During the asystole the 
yatient became pale, and if the asystole was pro- 
inged. he had a mild generalized convulsion. On 
recovery Of Consciousness he was momentarily con- 
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changes in A-V conduction than the result of a 
hypersensitive carotid sinus reflex. 

Several studies made during complete A-V block 
pointed to an organic rather than functional basis 
for the block. Normal A-V conduction could not be 
restored by any of the following procedures: (1) The 
administration of 2 mg. atropine sulfate intrave- 
nously increased the atrial rate briefly from 88 beats 
per minute to 114 beats per minute, and the idio- 
ventricular rate from 31 beats per minute to 34 beats 
per minute, but did not alter the A-V block (fig. 3, 
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Fic. 4.—Spontaneously changing cardiac rhythm. Tracings taken with the patient lying flat in 
hed without movement. A, Ventricular asystole followed by convulsion. B, Ventricular asystole is not 
prolonged enough to produce a convulsion. C, Stabilization in complete A-V block (compare with 
rig. 2, C). (Each unlettered strip is continuous with the strip immediately above.) 


fused. A-V block then continued until normal con- 
duction was resumed spontaneously, and the cycle 
repeated. Such a change in conduction occurred 
approximately three or four times in the half hour 
that he was observed before his rhythm became 
stabilized in A-V block. These attacks were all 
spontaneous; the patient lay supine in bed with his 
lace direetly upwards. There was no turning of the 
head preceding an attack. After the asystole there 
was a period of incomplete A-V block with occasional 
norma! conduction of supraventricular beats. This 
thythn: gradually yielded to complete A-V block. 
Thus the events following spontaneous ventricular 
asystole were the same as after ventricular asystole 
inluce| by right carotid sinus stimulation (compare 
figs. 4, C and 2, C). ; 

It vas now considered that the patient’s spon- 
taneous syneopal attacks were more likely the result 
ofven'ricular arrest associated with the spontaneous 


C). (2) The right carotid sinus was blocked with 10 
ce. of 1.5 percent procaine; a mass block was effected 
and produced hoarseness and Horner’s syndrome on 
the right side but did not affect the ventricular rate 
or A-V conduction. (3) Inhalation of 100 per cent 
oxygen flowing continuously at 6 liters per minute 
failed to affect the complete A-V block. 

In view of the carotid sinus hypersensitivity 
demonstrated by applying digital pressure from 
without, an attempt was made to stimulate the 
carotid sinus from within by elevating the arterial 
pressure. The cold pressor test was chosen for this 
purpose. On two separate occasions, when A-V con- 
duction was normal, immersion of the forearm in ice 
water produced a marked rise in blood pressure from 
134/74 to 202/92 and from 104/58 to 204/102. On 
each occasion, as the blood pressure reached its peak, 
ventricular asystole occurred (fig. 5, A). On one 
occasion, following the ventricular asystole, normal 





926 TRANSIENT COMPLETE HEART BLOCK 


A-V conduction was resumed immediately. Then, 
after removal of the forearm from the cold water, 
there followed a period during which the blood 
pressure fluctuated widely. Ventricular asystole oc- 
curred whenever the blood pressure became elevated 
above 160/80 (fig. 5, B); but as the blood pressure 
fell below this level, normal A-V conduction re- 
turned. On the other occasion ventricular asystole 
was followed by a period of A-V block before A-V 
conduction returned and normal sinus rhythm again 
ensued. Again there followed a period during which 
the blood pressure fell irregularly with occasional 
spikes above 160-80; and again ventricular asystole 
occurred whenever the blood pressure became ele- 
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beats per minute became established and the patient 
was discharged to be followed in the out) 
cardiac clinic. 

During his repeated visits to the clinic co. aplete 
A-V block was usually observed. However, 01: three 
visits normal sinus rhythm with rates of 60 to 66 
beats per minute was noted. On one occa:‘on he 
complained of attacks of dizziness but denied | inting 
or unconsciousness. The next morning an -‘ectro- 
cardiogram was made; this revealed the sam» spon- 
taneously changing A-V conduction that ha! been 
noted four months previously. For the next two 
years (May 1947 to June 1949) the patient visited 
the clinic at frequent intervals and on all oc«asions 


atient 


Fic. 5.—A, During cold pressor test, blood pressure 204/102 at onset of ventricular asystole. B, 
Two minutes after removal of hand from ice water, blood pressure 192/82 at onset of ventricular 
asystole. (Each unlettered strip is continuous with the strip immediately above.) 


vated. When the blood pressure stabilized at its 
initial level, A-V conduction returned and normal 
sinus rhythm was re-established. 

These asystolic episodes cannot be attributed un- 
equivocally to carotid sinus stimulation by the in- 
creased arterial pressure, because of the possibility 
that they could have been due to decreased circula- 
tion to the A-V bundle during the pressor test. An 
attempt to decide between these two alternatives by 
repeating the cold pressor test after abolishing vagal 
influence was unsuccessful because on this occasion 
complete A-V block occurred immediately after 2.5 
mg. atropine sulfate were injected intravenously. 

Course. After a number of spontaneous Adams- 
Stokes attacks the patient stabilized in heart block. 
Novatropine (0.005 Gm., four times a day) and 
atropine sulfate (0.0004 Gm., four times a day), were 
given by mouth. Atropine was increased to tolerance 
in the hope of breaking the A-V block, but without 
success. Heart block with a ventricular rate of 34 


he was observed to have complete A-V block with a 
ventricular rate of 32 to 40 beats per minute. During 
this period he has been free of Adams-Stokes seizures. 
Cardiac reserve and general condition appear about 
the same as two and one-half years previously when 
he was first admitted to the hospital. 


DIscussIoN 

Transient Heart Block. Complete heart block 
alternating with normal conduction is a rela- 
tively infrequent occurrence. In 1934 Weiss and 
Ferris! reported two cases of transient complete 
heart block in association with the Adams- 
Stokes syndrome and cited only fourteen other 
‘ases in the previous literature, including .!ose 
collected by Carter and Dieuaide? in 192::. In 
the more recent literature, transient com  lete 
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heart block has been reported in association 
yith congenital heart disease*: * and as a result 
of th: acute myocarditis of rheumatic fever,® 
dipht neria,° mumps,’ and scarlet fever.’ 

Unique cases of congenital heart block with 
trans tory periods of normal sinus rhythm 
were described by Smith? and by Calandre." 
Smiti’s patient had complete heart block 
which: was unaffected by exercise or atropiniza- 
tion, but A-V conduction could be restored 
vith a return to normal sinus rhythm by forced 
expiration. The author suggested that this 
change might be explained mechanically by 
lessening of traction on the conduction system 
owing to the altered position of the heart during 
forced expiration. Calandre’s patient also ex- 
hibited complete heart block, except when in 
absolute repose at which time conduction was 
normal. 

In most cases the transient heart block ul- 
timately changed to permanent heart block 
and postmortem examination revealed under- 
lying anatomic lesions within the cardiac con- 
duction system. In a few cases of transient 
heart block, evidence of a neurogenic origin was 
present; and in this group Weiss and Ferris in- 
cluded their own three cases of vagovagal reflex 
Adams-Stokes syndrome,! the similar cases of 
Flaum and Klima," and of Gluch,” and the 
cases due to hyperactivity of the carotid sinus." 
Our patient belongs with that group of cases!*-8 
with anatomic lesions which incompletely sever 
the cardiac conduction system and in which a 
sudden increase in vagal tonus precipitates the 
development of complete A-V block. 

Site of Hypersensitivity of the Hypersensitive 
Carotid Sinus Reflex. The site of hypersensi- 
tivity of a hyperactive carotid sinus reflex may 
be in the afferent nerve endings of the sinus, in 
the medullary synapses of the central nervous 
system, or in the efferent nerve endings such 
as the vagal endings in the heart, alone or in 
com! ination. Observations": '°-?! in cases with 
local abnormalities of the carotid artery and 
adja-ent tissues on the side of a hypersensitive 
refle « suggested that the hypersensitive carotid 
sinu. reflex results from a pathologic lesion 
with n or impinging upon the sinus itself. On 
the other hand, there has accumulated clini- 
cal,? +, 22b, 23, 24 experimental,?> and morpholo- 


gic?* evidence in favor of the view that the site 
of hypersensitivity in the “vagal” or cardioin- 
hibitory type of reflex is predominantly, if not 
entirely, at the effector end of the reflex are. 
The observations in the patient here reported 
may be interpreted in support of this view- 
point. The persistence of P waves (at a rate 
never less than forty-four per minute) through- 
out ventricular asystole indicates that potential 
stimuli for ventricular contraction were present 
during asystole but were blocked in propagation 
to the ventricle. This suggests that the site of 
carotid sinus hypersensitivity in this patient 
was located primarily in the vicinity of the 
A-V node and bundle, which coincides with the 
site of the lesion as inferred from the later de- 
velopment of permanent A-V block. 

Permanent A-V Block Precipitated by Carotid 
Sinus Pressure. The development of permanent 
A-V block in this patient raises the question of 
structural damage to the heart as a consequence 
of carotid sinus sensitivity. Such reports have 
not been found in the literature, although 
cerebral damage following carotid sinus stimu- 
lation has been observed.””-* There is clinical 
and experimental evidence*!-** that the coro- 
nary circulation and myocardium may be ad- 
versely affected by the carotid sinus reflex. 
Glenn and Read*! reported a case of coronary 
artery disease in which anginal pain, similar to 
the patient’s spontaneous symptoms, could be 
reproduced by carotid sinus stimulation. Fried- 
man” observed two young adults without 
cardiovascular disease in whom anginal pain 
occurred following carotid sinus stimulation but 
not following severe exertion. Stella** observed 
a decreased coronary blood flow following 
elevation of pressure within the perfused carotid 
sinus of a dog’s heart-lung-head preparation. 
Hall, Ettinger, and Banting** reported that re- 
peated intravenous infusions of acetylcholine 
produced myocardial damage, and that vagal 
stimulation alone could cause myocardial de- 
generation, small infarcts, and electrocardio- 
graphic changes. 

This evidence is indirect, but nevertheless 
indicates the possibility that stimulation of the 
hyperactive carotid sinus reflex may result in 
some subtle structural alteration in addition to 
the transient dramatic asystole. Such altera- 
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tion would escape clinical detection unless it 
involved a critical area such as the cardiac 
conduction system. The absence of clinical 
symptoms in the patient here reported until 
shortly before his hospital admission reflects 
“the large reserve in the conducting capacity 
of the A-V bundle, which structure may be 
considerably encroached upon before conduc- 
tion is measurably impaired. Thus, with only a 
few intact fibers serving to carry on the normal 
conduction process, an increase in vagal activity 
and/or a small local decrease in circulation may 
result in failure of these few remaining fibers 
to function.’ Such a loss of function would re- 
sult in permanent A-V block if the anatomic 
lesion were extended through these last intact 
fibers. It is at least possible that in the patient 
here studied some such progressing change may 
have resulted from repeated stimulation of his 
hypersensitive carotid sinus reflex. As a conse- 
quence the remaining few intact fibers of the 
A-V conduction system may have heen obliter- 
ated with the result that the initially transient 
complete heart block became permanent. 

It is a matter of pure speculation whether 
repeated carotid sinus stimulation hastened 
the establishment of permanent heart block in 
this case, or whether the block resulted from 
the natural progress of the primary disease. 
Nevertheless, whatever its cause, the develop- 
ment of permanent block was beneficial to the 
patient. With this conduction system _pre- 
‘ariously near the point of complete severance, 
he was imminently susceptible to the onset of 
complete A-V block and ventricular standstill; 
but with the establishment of permanent A-V 
block with an idioventricular rhythm, the pace- 
maker of which was located below the site of 
vagal susceptibility, he was freed from his 
asystolic episodes and syncopal attacks. This 
change would have been valueless if the idio- 
ventricular focus were prone to retardation or 
to periods of complete inactivity. In this patient 
the complete A-V block, with an idioventricular 
rhythm at a rate of 32 to 40 beats per minute, 
has been present for two years during which 
he has been active and free of symptoms. In 
this sense the development of permanent heart 
block has been of benefit to him. 


SUMMARY 


1. A case of transient complete heart block 
is described in which there were present 4 
hyperactive cardioinhibitory carotid sinus re- 
flex and a probable organic lesion of the A-y 
conduction system. 

2. During periods of A-V conduction with 
normal sinus rhythm, carotid sinus stimulation 
produced asystole; during periods of complete 
A-V block, carotid sinus stimulation was with- 
out effect. 

3. Several clinical studies indicated that the 
region of the anatomic lesion (vagus endings or 
His bundle) represented the site of greatest sen- 
sitivity of the hyperactive reflex in this pa- 
tient. 
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Auriculoventricular Nodal Escape in the 
Presence of Auricular Fibrillation 


By W. Hwane, M.D., ano R. LANGENDorRF, M.D. 


The criteria for the diagnosis of A-V nodal escape are analyzed on the basis of electrocardiograms on 
- 5 
patients with auricular fibrillation with digitalis-induced ventricular slowing. 


N THE presence of sinus rhythm the elec- 
trocardiographic diagnosis of A-V nodal 
escape is based on the delayed occurrence 

of a ventricular complex associated either with 
the absence of the sinus P wave preceding the 
late ventricular complex, or its presence with 
an abnormally short P-R interval. Obviously, 
in the presence of auricular fibrillation the lack 
of P waves makes the second criterion inap- 
plicable and the identification of an A-V nodal 
escape becomes more difficult and less certain. 
Only occasionally, slight aberrancy of ventric- 
ular conduction helps to identify the beats of 
A-V nodal origin. On the basis of the single 
criterion of the long R-R interval, A-V nodal 
escapes should be recognizable in the presence 
of auricular fibrillation as beats which termi- 
nate long R-R intervals provided the latter 
are of equal duration and the longest in the 
record (fig. 2, A). A study of the exceptions to 
this rule is the main subject of this report 
which is based upon an analysis of twenty-five 
records obtained on 16 patients with auricular 
fibrillation and with sufficient material to per- 
mit a definite diagnosis of A-V nodal escape. 
The outstanding clinical and electrocardio- 
graphic findings are summarized in table 1. 


METHOD AND RESULTS 


Clinical Diagnosis. The electrocardiograms 
were obtained on 8 men and 8 women patients 
between the ages of 18 and 80 years. The clini- 
cal diagnosis was combined arteriosclerotic and 
hypertensive heart disease in 7 patients, chronic 
rheumatic heart disease in 8, and chronic rheu- 


From the Cardiovascular Department, Medical 
Research Institute, Michael Reese Hospital, Chicago, 
Ill. The department is supported in part by the 
Michael Reese Research Foundation. 


matic heart disease complicated by hypevthy- 
roidism in one. 

Digitalis Effect. All the patients were under 
the influence of digitalis medication and this 
was undoubtedly responsible for the slow ven- 
tricular rate and the appearance of A-V nodal 
escapes. When previous or subsequent records 
were available for comparison they showed in- 
variably absence of nodal escapes with increase 
ot the average ventricular rate. In the twenty- 
five records with A-V nodal escapes the average 
ventricular rate varied between 45 and 80 per 
minute, with an average of 57 for the entire 
series. In fourteen records the average ventricu- 
lar rate was 55 per minute or less. In twelve of 
the records the ST-T complexes showed a 
characteristic digitalis contour. In six records 
ventricular premature systoles were present. 
Clinical signs or symptoms of digitalis intoxi- 
‘ation were absent in the entire series. 

Inherent Rate of the A-V Node. The rate of 
the secondary pacemaker as determined by the 
duration of the escape intervals (2.20 to 1.12 
seconds) was between 27 and 54 per minute 
with an average rate of 42 for all cases. It is of 
interest that, in one patient studied, the A-V 
nodal rate remained remarkably constant over 
a period of twelve years. 

Varying Contour of the A-V Nodal Escape. In 
one case only was the contour of the nodal 
escape different from that of the transmitted 
beats (fig. 2, B). This was attributed to aler- 
rant ventricular conduction rather than to es- 
cape of an idioventricular pacemaker loc: ‘ed 
below the bifurcation of the common bundle. 

Variation of the Escape Intervals. Analogy 
with the phenomenon observed in patients \ ith 
sinus rhythm helps to explain why some esc: pe 
intervals may be shorter, others longer, and on 





W. HWANG AND R. LANGENDORF 931 


occ: sion an escape may fail to appear so that 
the beat terminating an unusually long pause 
ma be a conducted one. 


“warming up” of the secondary pacemaker 
(Gaskell’s'! rhythm of development) (see fig. 
1, A and fig. 3). 


TABLE 1.—Summary of Pertinent Data 


Nodal Escape Digitalis 

Average 

f — R-R as Clinical Diagnosis 
Rate Interval a S-T-T | P.V.S. 


in sec. 


ECG Diagnosis Illustrated in 


1.58 | 38 yes | no Ascl. H.D.; L.H.S. 


48 


] 


Tw = = Ob 


a 
-_m OC 


i 
Rs 
ba 
r. 
sie 
Es 
Re 
b 
: 
A: 


rage 18-80 57 1.43 42 


Hypt. H.D. 
Rh. H.D. with | 
failure 
Hyperthyroid- 
ism; Rh. H.D. 
in failure 
Rh. H.D.; Poly- 
serositis 
Hypt. H.D. in 
failure 
Hypt. H.D.; 
C:C.5. 
?Rh. H.D. in 
failure 


Asel. H.D. 


Asel. H.D. 
Rh. H.D. 


Rh. H.D. ?S.B.E. 

Rh. H.D. pul. 
embl. 

Rh. H.D. 

Asel. H.D.; myo- | 
cardial infare- 
tion 


Rh. H.D. 


yes. Asel. H.D. 


| LHS. 


Fig. 2,B 
Cex. 


L.A.S. 


Low voltage 


LES. 


L.H.S.; C.C.I. 


| L.HS. 


Fig. 2,4 


Left B.B.S. block 
R.H.S. 


R.HS. 
R.H.S. 


| C.C.I. 


Nonspecific - ab- 
normality 


Nonspecific ab- 
normality 

Right B.B.S. 
block 


\-cl. H.D. = arteriosclerotic heart disease; Hypt. H.D. = hypertensive heart disease; Rh. H.D. = rheumatic 


disease; 8.B.E. = subacute bacterial endocarditis; Pul. embl. = pulmonary embolism; C.C.I. = 


= chronic 


ary insufficiency; L.H.S. = left heart strain; L.A.S. = left axis shift; Left or right B.B.S. block = left or 
bundle branch system block; P.V.S. = premature ventricular systole. 


‘the cause for these variations includes the 
wing: 

If several escapes occur in succession the 
escape interval may be slightly longer than 


the subsequent ones as a result of a gradual 


2. The first escape interval may appear 
shortened as a result of a delay in A-V conduc- 
tion below the site of the secondary pacemaker 
affecting the conducted beat preceding the es- 
rape (Scherf?) (see fig. 1, B). 
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(The above two factors having an opposite 
effect upon the length of the first escape interval 
may operate simultaneously and balance each 
other.) 


' 1 I 
PVS E E 


Fic. 1—Diagrammatic representation of four in- 
stances of auricular fibrillation with A-V_ nodal 
escapes. A, Progressive shortening of the escape inter- 
val when several escapes occur in succession. (Com- 
pare fig. 3.) B, Delayed A-V conduction below the site 
of the nodal pacemaker shortens the first escape inter- 
val. C, Effeet of ‘‘concealed conduction”’ in the A-V 
iunection. Discharge of the A-V node by an impulse 
which is blocked below the nodal pacemaker may 
cause a delayed appearance of a nodal escape or its 
failure to appear. In the latter instance two con- 
ducted beats are separated by an R-R interval longer 
than the escape interval. D, Apparent lengthening of 
escape interval following a ventricular premature 
systole. (Compare fig. 4.) } 

In the diagrams (A) represents the auricular stimu- 
lation; (V) the ventricular stimulation (a solid line 
represents a ventricular beat conducted from the 
auricles, a broken line (I) denotes one initiated by 
the \-V node, and a dotted line (PVS) represents a 
premature ventricular systole); (A-V) represents the 
A-V nodal junction; and the oblique lines indicate 
conduction across this junction. 


3. So-called concealed conduction of a supra- 
ventricular impulse in the A-V junction may in- 
flueice the time of appearance of an escape. 
This has been demonstrated: 4 in patients with 
sinus rhythm and in those with auricular flutter. 
In these patients such impulses may penetrate 
into the A-V junction without traversing it; 


although they fail to reach the ventricles they 
may reach and discharge the secondary pace- 
makers in the A-V node. As a result of such 
discharge of the nodal pacemaker by a non- 
conducted impulse the ‘time table” of the 
secondary pacemaker is disturbed; thus, the 
appearance of an expected A-V nodal escape 
may be delayed. However, it may be entirely 
eliminated if, following the discharge of the 
nodal pacemaker by the blocked impulse, the 
A-V junction has recovered sufficiently to trans- 
mit an auricular impulse before a delayed es- 
cape takes place. Under such circumstances 
(fig. 1, C) one R-R interval would be appreci- 
ably longer than the escape intervals; the ven- 
tricular complex terminating the longest R-R 
interval would represent either a delayed A-V 
nodal escape or a conducted beat. Thus, under 
exceptional circumstances in a record with 
auricular fibrillation and nodal escapes the beat 
terminating the longest R-R interval may be a 
transmitted one, and the failure of the expected 
escape to appear may not invalidate the identi- 
fication as nodal escapes of beats terminating a 
shorter R-R interval. 

4. If an escape follows a ventricular pre- 
mature systole (fig. 1, D and fig. 4) the escape 
interval may be longer than that of the escape 
following a conducted beat because of the tend- 
ency of the extrasystolic impulse to conduct 
retrogradely and to discharge the A-V nodal 
pacemaker. Figure 1, D shows that the length- 
ening of the escape interval after a ventricular 
premature systole is accounted for by the time 
for retrograde conduction from the extrasystolic 
focus to the site of the secondary pacemaker 
plus the time for forward conduction of the 
nodal escape. 

5. Finally, slight variations of the escape 
intervals may be due to a slight arrhythmia of 
the secondary pacemaker as a result of varying 
vagal tone. 


SUMMARY AND CONCLUSION 


1. Based upon the experience with A-V nodal 
escapes in the presence of sinus rhythm an 
analysis was made of A-V nodal escapes occur- 
ring in the presence of auricular fibrillation. 








Fic. 3.—Electrocardiogram of Patient 3. Auricular fibrillation with slow ventricular rate (average 
rate 46 per minute) and frequent A-V nodal escapes (E). Note that when two escapes occur in suc- 
cession the second escape interval is shorter. (Compare fig. 1, A.) 














hides ich amc 


Fic. 4.—Electrocardiogram of Patient 13. Auricular fibrillation with complete A-V block and A-V 
nodal pacemaker (nodal rate 53 per minute). Note that the interval between a ventricular premature 
systole (VPS) and the subsequent nodal beat is 0.08 second longer than the R-R interval between two 
A-V nodal beats. (Compare fig. 1, D.) 


934 





W. HWANG AND R. LANGENDORF 


The material consisted of a series of twenty- 
five records obtained on 16 patients with auric- 
ular fibrillation exhibiting marked ventricular 
sloy ing as a result of digitalis medication. 

2. The criteria for the diagnosis of A-V nodal 
esc: pe in the presence of auricular fibrillation 
are lefined and the factors responsible for vari- 
atic is are discussed. 


ACKNOWLEDGMENT 


Tie authors are indebted to Dr. Louis N. Katz 
for lis suggestions and criticisms. 


REFERENCES 


1 GASKELL, W. H.: On the innervation of the heart 
with especial reference to the heart of the tor- 
toise. J. Physiol. 4: 43, 1883. 

2 Scuerr, D.: Reizleitungsstérungen im Biindel. III. 
Mitteilung, Wien. Arch. f. inn. Med. 12: 327, 
1926. 

3 Lewis, T., AND Master, A. M.: Observations upon 
conduction in the mammalian heart. A-V con- 
duction. Heart 12: 209, 1925. 

4 LANGENDORF, R.: Concealed A-V conduction: The 
effect of blocked impulses on the formation and 
conduction of subsequent impulses. Am. Heart 
J. 35: 542, 1948. 





A Case of Paroxysmal Auricular Tachycardia 
with Block Present almost Continuously 
for Twenty-Five Years 


By Wiu.u1aMm B. Scuwartz, M.D., AnD SAMUEL A. Levine, M.D. 


The following case report is that of a man who showed electrocardiographic and clinical evidence 
of paroxysmal auricular tachycardia with block most of the time during a twenty-five year period 
of observation. The auricular rate was almost always in the vicinity of 200 per minute and the 
A-V ratio varied between 1 to 1 and 1 to 4. On only one brief occasion was there evidence of con- 
gestive failure. He was able to go through two major surgical operations without any difficulty 
and at present at the age of 79 years he is still ambulatory without cardiac symptoms. 


HE PURPOSE of this paper is to present 

a case of paroxysmal auricular tachy- 

‘ardia with block which has persisted 
almost continuously for twenty-five years. Al- 
though cases have been reported in which par- 
oxysms of auricular tachycardia with block 
occurred over long periods of time, there have 
been no reports of this arrhythmia continuing 
for many years.' 

The differential diagnosis between paroxys- 
mal auricular tachyeardia with block and auric- 
ular flutter with A-V block frequently requires 
considerable care. In fact, they are considered 
by some to be of the same nature.” An impor- 
tant criterion for the electrocardiographic dif- 
ferentiation of the two disorders lies in the fact 
that the string is quiescent between successive 
auricular deflections in the case of paroxysmal 
auricular tachyeardia with block, and is in 
continual motion in auricular flutter. In addi- 
tion, the P waves are usually small and peaked 
in contrast to the slurred, triangular notched P 
waves found in auricular flutter. The concept 
has recently been proposed that paroxysmal 
auricular tachycardia with block is due to a 
circus movement in which the pathway goes 
throigh the A-V node.* 


CasE REpPoRT 
J. M., P.B.B.H. No. S-80019. The patient is a 


79 year old man who is now in a convalescent hos- 
pital with no symptoms referable to the cardio- 


From the Medical Clinic of the Peter Bent Brigham 
Hospital and the Department of Medicine, Harvard 
Medical School, Boston, Mass. 


vascular system, and whose only complaints are 
weakness and mental depression. Physical exam- 
ination shows no evidence of congestive heart failure, 
This patient was first seen in 1924 when he com- 
plained of precordial pain with radiation to the left 
arm. Physical examination revealed a regular heart 
rate of 120, blood pressure of 87/75, no pulmonary 
congestion, and a diastolic gallop rhythm. The white 
blood count was 6,400 and there was no elevation 
of temperature. The diagnosis made at this time was 
myocardial infarction. The electrocardiogram on 
admission revealed paroxysmal auricular tachyear- 
dia with 2:1 heart block (ventricular rate 120) and 
right bundle branch block. One week later the elec- 
trocardiogram showed paroxysmal auricular tachy- 
cardia with auricular and ventricular rates of 240 
per minute. Shortly afterwards the apical rate fell 
to 120, but a second electrocardiogram revealed 
that the auricular rate was still 240 with 2:1 heart 
block. Later, on reviewing the data, it appeared that 
the symptoms were probably due to the tachycardia 
itself, and that the original diagnosis of myocardial 
infarction was incorrect. During the next twenty- 
five years the patient was seen, often several times 
a year, with complaints of palpitation and precordial 
and epigastric distress occurring in “spells” or 
“attacks” lasting several hours or days. It soon 
became clear that these “attacks” were associated 
with periods of rapid heart action which were dem- 
onstrated to be paroxysmal auricular tachycardia 
with a 1:1 response. In addition, on many occasions 
when the ventricular rate was slow and the patient 
had no symptoms, it was found that the auricles 
were beating at a rate of 200 or more per minute with 
2:1, 3:1 or 4:1 heart block. The various changes 
in the cardiac mechanism are illustrated in figure 1. 
Electrocardiograms were taken on many occasions 
when the ventricular rate was slow, and in thie 
majority of instances the auricles were found to }¢ 
rapid. It is presumed that this also occurred st 
many other times when the ventricular rate was 
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sloy but no electrocardiograms were taken. The 
tracings always showed right bundle branch block. 

lyespite frequent attacks of tachycardia there 
wa- evidence of congestive failure on only one occa- 
sio). This occurred in 1928, four years after the 


f) 7-16-43 


arrhythmia was first diagnosed, and lasted for sev- 
eral days. In 1946, at the age of 76, the patient 
underwent two operations, including a perineal pros- 
tatectomy, with no ill effects. Repeated electro- 
cardiograms both before and after the operation 


Fic. 1.—The various changes in the cardiac mechanism of the patient (J.M.,a79 year old man). 
(a) Auricular and ventricular rates 240. (b) Shows the rare occasion when normal sinus rhythm was 
present. Right bundle branch block is evident. (c) Rate 162. One to one rhythm. (d) Auricular rate 
260, ventricular rate 130. (e) Carotid sinus pressure reveals the rapid auricular rate in ‘‘d’”’? when 4:1 
block was produced. (f) Irregular ventricular response (2:1, 4:1) with auricular rate 162. Note that 


P waves are inverted. 
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showed constant presence of auricular tachycardia 
with 2:1 block. During the twenty-five year period 
of observation the heart increased 2 em. in transverse 
diameter as shown by x-ray examination. 

Digitalization was carried out on several occasions 
without any evidence of beneficial effect on the 
incidence of recurring ‘“‘attacks.’’ On two occasions, 
adequate digitalis therapy slowed the ventricular 
rate by increasing the degree of block but without 
affecting the auricular tachycardia. It was fre- 
quently noted that it was possible to slow the ven- 
tricular rate by carotid sinus pressure. The reduc- 
tion in rate was found to result from converting : 
1:1 response to a 2:1 block or from a 2:1 to a 4:1 
block. The auricular rate was not affected by this 
method of vagal stimulation. On six occasions, 
quinidine sulfate was effective in producing a normal 
sinus rhythm. Each time the rhythm reverted to 
normal on increasing amounts of quinidine, when 
a single dose of 0.5 or 0.6 grams orally was reached. 
The rhythm would not remain normal longer than 
some days or weeks despite the continued adminis- 
tration of 0.2 to 0.3 grams of quinidine three times 
daily. To our knowledge the first normal sinus 
rhythm occurred in 1928, following quinidine ther- 
apy, four years after the initial diagnosis of parox- 
ysmal auricular tachyeardia with block. At present 
the patient still has auricular tachyeardia with 
block but no heart failure.* 


COMMENTS 


There are several points of interest in this 
case. First, throughout most of these many 
years the auricles have been contracting at 
the rate of 200 per minute or over. This ap- 
parently has had no ill effect upon the circula- 
tory efficiency or health of the patient. It was 
only when the ventricular response was very 
rapid and a 1:1 rhythm was present that symp- 
toms resulted. Only on one occasion, lasting 
several days, was there objective evidence of 
congestive failure. Aside from this the patient 
remained ambulatory through most of the years 
of observation, and was able to undergo several 
major surgical procedures while auricular 
tachycardia was present. 

Second, the possible benignity of right bundle 
branch block is indicated by the longevity of 
this patient. Attention has already been called 


*We are very grateful to Dr. John Mahoney, 
Resident Physician at the Holy Ghost Hospital, Cam- 
bridge, Mass., for information concerning the present 
status of the patient. 


to the fact that many cases of right bundle 
branch block do well and some are even «s- 
sociated with no other evidence of heart dis- 
sase.4 In this particular patient it is known to 
have been present constantly for at le st 
twenty-five years. 

In addition this case also demonstrates ‘he 
similarity which may exist between the clini:al 
features of acute myocardial infarction end 
paroxysmal rapid heart action. Here a niis- 
taken diagnosis of the former was made on ‘he 
first admission. 


Medication was not of great importance in 


this case. However, digitalis in full doses slow ed 
the ventricular rate when it was rapid without 
affecting the auricular tachycardia. Quinidine 
succeeded in restoring the rhythm to normal 
on six occasions, but the abnormal mechanism 
recurred in days or weeks even on so-called 
maintenance doses of quinidine. 


SUMMARY 


A case of paroxysmal auricular tachycardia 
with A-V block and right bundle branch block 
is described in which the auricular rate was 
over 200 per minute most of the time during a 
period of twenty-five years’ observation. The 
patient was ambulatory practically all of this 
time, went through major surgical procedures 
satisfactorily and at present at the age of 
79 vears still shows no evidence of heart failure. 
The effects of digitalis and quinidine on the 
«urhythmia are discussed. 
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Paroxysmal Tachycardia 


Experiences with Massive Doses of Quinidine 
Intravenously ina Refractory Case 


3y GEORGE O. BELL, M.D., Ropert B. BrapLey, M.D., AND Lewis M. Hurxtuat, M.D. 


An interesting case of recurrent paroxysmal tachycardia is presented. The patient had had a pre- 
vious coronary thrombosis, leaving in its wake a residual left bundle branch block. Three episodes 
of paroxysmal tachycardia were observed, the longest one of sixty-three days’ duration. Although 
ventricular origin of the tachycardia was thought to be most likely, a nodal origin was also con- 
sidered. All forms of therapy were tried but only intravenous quinidine proved to be successful. 
Experiences with massive doses of quinidine intravenously are presented. 


AROXYSMAL tachycardia occurring in 
patients with organically sound hearts 
is always a burden and especially so if 
it is prolonged. When such an abnormally rapid 
heart rate occurs in patients who have previous 
myocardial damage the threat to life is indeed 
real. The conversion of the tachycardia to 
normal sinus rhythm must be accomplished as 
quickly as possible to avoid a fatal outcome. 
The case herein reported proved to be ex- 
tremely refractory to all treatment and only 
after heroic measures were used was success 
attained. 
Although the exact nature of the tachycardia 
in the present case remains uncertain, the 
therapeutic procedures used may be of some 
interest to others who are confronted with the 
problem of treating patients with stubborn 
eases of paroxysmal rapid heart action. 


CasE REPORT 


R. T., a 44 year old white, married clerk, was 
first seen at the Lahey Clinic on October 22, 1946, 
complaining of rapid heart action of eighteen days’ 
durition. His past history revealed the occurrence 
of 1 coronary occlusion in December 1941. Elec- 
trovardiographic changes were characteristic of an 
anicrior myocardial infarction. Recovery from the 
episode was prompt and he was able to return to his 
ustial work three months later. Following the attack 
of '941 until October 1946, six episodes of paroxys- 
m:. rapid heart action had occurred, each lasting 
ab ut twelve hours and responding to simple meas- 
urs such as administration of digitalis, morphine, 
or sodium pentobarbital and a night’s sleep. On 
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October 4, 1946, he suffered a sudden attack which 
failed to respond to the usual measures. 

On examination, on October 22, the heart was 
found to be beating rapidly (180) and regularly but 
with some slight unevenness of the apical sounds. 
Vagal stimulation by pressure on both carotid si- 
nuses produced no slowing. Electrocardiograms 
showed a tachycardia with QRS interval of 0.12 
second (fig. 1, A). 

The administration of 20 mg. Mecholyl sub- 
cutaneously produced flushing and substernal dis- 
tress, but no change in the heart rate. 

The next day 0.6 Gm. quinidine sulfate given in- 
travenously over a period of fifteen minutes slowed 
the apex rate from 180 to 140. The same dose was 
repeated and slowed the apex rate to 130. Four 
hours later 2 cc. (1.0 mg.) Prostigmine methyl 
sulfate administered intramuscularly produced no 
change in the abnormal rhythm. 

During the next four days (October 24-27, 1946, 
inclusive) the patient remained in bed at home and 
was given quinidine sulfate orally, 0.4 Gm. every 
three hours. At times his apical rate slowed to 90 
beats per minute. 

First Hospital, Admission. On October 28, 1946, 
the patient was hospitalized for further treatment. 
An electrocardiogram verified the presence of the 
abnormal rhythm with a ventricular rate of 160. 
He was given 1.5 mg. Prostigmine, followed in five 
minutes by 5 mg. Mecholyl administered subcuta- 
neously. This combination of drugs produced vigor- 
ous vagal stimulation characterized by profuse sweat- 
ing, rhinorrhea, lacrimation, nausea, vomiting, severe 
abdominal cramps, diarrhea and micturition, but 
no change whatever in the tachycardia. Atropine 
sulfate (1.2 mg. given intravenously) terminated 
this reaction. 

The following day, October 29, 1946, 20 cc. of a 
25 per cent solution of magnesium sulfate given 
intravenously had no effect on the tachycardia. 

During the next three days treatment consisted 
of a daily ration of quinidine sulfate (1.0 Gm.) 
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and potassium chloride (10 Gm.) given by mouth. 
Because of marked discouragement on the part of 
the patient he was discharged on November 2 to 


admitted to the hospital with congestive heart 
failure. He was critically ill, with an apical heart 
rate of 172, cardiac enlargement, basal pulmonary 


“CF4 


Fic. 1.—A, October 22, 1946. Paroxysmal tachycardia. Rate 208. B, November 10, 1946. One day 
following conversion to sinus rhythm. Rate 110. P-R. 0.20 second. Delayed intraventricular conduc- 


tion, QRS, 0.13 second. T, inverted. 


Fic. 2.—December 1946. Left ventricular enlarge- 


ment. Cardiothoracic ratio, 15.2 to 30.5 centimeters. 


continue the same dosage of quinidine and potas- 
sium chloride at home. 

Second Hospital Admission. On November 9, 
1946, one week after discharge, the patient was re- 


rales, enlarged tender liver, and distention of the 
veins of the neck. 

Quinidine hydrochloride* (1.8 Gm. in 300 cc. of 
5 per cent glucose solution) was administered in- 
travenously over a period of one and one-half hours. 
The heart rate slowed from 172 to 120 beats per 
minute. Potassium acetate (0.5 Gm.) was then given 
every two hours, and after the third dose the heart 
rate dropped to 88. The electrocardiograms (fig. 1, 
B) showed a normal sinus rhythm with a rate of 110, 
P-R interval of 0.2 second, QRS complex 0.13 
second in duration, and inverted T wave in Lead I. 
Total duration of this attack of tachycardia was 
thirty-seven days. 

During the remainder of this hospital stay the 
patient was maintained on 0.8 Gm. quinidine sul- 
fate and 4 Gm. potassium acetate per day. The 
congestive heart failure responded to low-salt diet 
and diuretics. Digitalis was avoided because of the 
possible danger of reinstigating the abnormal tachy- 
cardia. The patient was discharged on November 26, 
on a program of markedly restricted activity, 0.2 
Gm. quinidine sulfate three times daily, and 0.033 
Gm. phenobarbital three times daily. 

The patient was seen at varying intervals during 
the next four months. In December 1946 a roent- 
genogram of the chest showed clear lung fields and 
left ventricular enlargement (fig. 2). He maintaine’! 
a normal sinus rhythm with an average apex rat 
of 90 to 100. Because of easy dyspnea, digitoxi 


* Brewer and Company, Inc. 
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therapy was started and maintained for the next 
three months. The patient returned to work in 
January 1947 and remained fairly well, except for 
mili angina on effort. 

Yhird Hospital Admission. On March 10, 1947, 
the patient was admitted to the hospital for the 
thir | time because of rapid heart action which had 
staited suddenly the day before without obvious 
precipitating cause. The apex rate was approximately 
200 beats per minute, with slight irregularity of 
rhythm and slight variation in intensity of heart 
souds. The electrocardiograms showed a ventricular 
rate of 204 with QRS interval of 0.17 second dura- 
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quinidine orally, and potassium chloride (4 Gm. 
initially and 2 Gm. every two hours) and quinidine 
hydrochloride (1.8 Gm. in 200 ce. of 5 per cent glu- 
cose solution) intravenously over a period of one and 
one-half hours. The apex rate fell from 206 to 88 
at which point the mechanism reverted to a normal 
sinus rhythm. Total duration of this paroxysm 
was two days. The patient was maintained on oral 
quinidine sulfate (0.2 Gm. four times a day) and 
potassium acetate (1.0 Gm. four times a day). Elec- 
trocardiograms made following conversion to nor- 
mal rhythm showed a rate of 72 with a P-R interval 
of 0.28 second and QRS wave of 0.17 second’s du- 
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Fic. 3.—A, March 10, 1947. Paroxysmal tachyeardia. Rate 204. B, March 11, 1947. Following intra- 
venous quinidine therapy. Normal sinus rhythm. Rate 72, delayed A-V and I-V conduction, P-R, 0.28 


second. QRS, 0.17 second. 


tion (fig. 3, A). The patient’s general condition was 
good and there were no signs of cardiac decompen- 
sation. 

Vagal stimulation by means of eyeball pressure, 
carotid sinus pressure, gagging, and the Valsalva 
m.ineuver were without effect. Heavy dosage of 
morphine given subcutaneously provided the pa- 
tint with a good night’s sleep but was without in- 
fluence on his tachycardia. 

The next day he was given 180 mg. procaine (18 
c:. of 1 per cent solution) intravenously within four 
Di inutes. Sodium pentothal was given concomitantly 
t» control the toxic effects on the central nervous 
svstem. There was no change in cardiac rhythm 
2 though the rate fell from 200 to 156 per minute. 

Several hours later the patient was given 0.2 Gm. 


® 


ration and left bundle branch block (fig. 3, B). He 
was discharged on March 15. 

From March 1947 to September 1948 (seventeen 
months) the patient worked steadily at his usual 
job with no complaints other than anginal pain on 
unusual exertion. In February 1948 his electro- 
cardiogram showed a rate of 110, P-R interval of 
0.20 second, QRS wave of 0.16 second’s duration, 
and a left bundle branch block. He continued taking 
0.2 Gm. quinidine sulfate four times daily and 1 Gm, 
potassium acetate twice daily, and on this program 
he remained free of further episodes of tachycardia. 

Fcurth Hospital Admission. On September 2, 
1948, he was admitted to the hospital again for 
treatment of rapid heart action which began that 
morning shortly after he was informed of a promo- 
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tion in his work. Physical examination showed no 
abnormality except for slight cardiac enlargement 
and an apical rate of 160 per minute. Slight variation 
in intensity of heart sounds and irregularity in the 
rhythm were again noted. Signs of congestive failure 
were absent. 

During the first four days quinidine was given 
orally in doses of from 2.4 to 4.8 Gm. per day along 
with 24 Gm. potassium acetate per day. Morphine 
sulfate was given at various times, usually 15 mg. 
subcutaneously and occasionally intravenously. The 
abnormal rhythm persisted although the apical rate 
was slowed from 160 to 110-120. 


TACHYCARDIA 


ventricular tachycardia occurring in the presence 
of a left bundle branch block. In view of this cariio- 
gram and also since the quinidine therapy had fail, 
it was decided to give digitalis a trial. Cedils.j 
administered intravenously in a dosage of 1.6 
had no influence on the electrocardiogram noi 
the clinical findings. 

On September 9, intravenous administratio: 
quinidine (1.8 Gm.) again failed to establish a non 
rhythm. 

After these two failures of intravenous quini 
therapy it was decided to administer digitoxin 
its fullest effect. Digitoxin was given orally in a does 


Fic. 4.—September 7, 1948. Lead II only. (A), Paroxysmal tachyeardia, (B), during intravenous 
quinidine therapy showing (C), conversion to sinus rhythm. 


Fic. 5. 


A, September 8, 1948. Paroxysmal tachyeardia with a P wave following each ventricular 


complex. B, October 16, 1948. Retrograde P waves, in ratio of three P waves to four QRS complexes. 


On September 7, 1948, quinidine was given in- 
travenously in a dose of 1.8 Gm. in 300 ce. of 5 per 
cent dextrose in saline solution. Potassium chloride 
was administered throughout the period of treatment 
in 2-Gm. oral doses every two hours. Normal sinus 
rhythm (fig. 4) was established after 1.2 Gm. quini- 
dine had been administered. One hour after the 
cessation of intravenous quinidine therapy, however, 
tachycardia reappeared, despite continued oral ad- 
ministration of quinidine and potassium, given to 
the point of nausea. 

The next day, September 8, the electrocardio- 
gram showed a perfectly regular although abnor- 
mal rhythm (fig. 5, A) which suggested a supra- 


of 0.2 mg. every eight hours for the next two days, 
September 11 and 12. On the second day of this 
program the apical rate steadily increased from the 
average basal rate of 120 up to 180 per minute. 
With this manifestation of digitalis toxicity it wzs 
apparent that further pursuance of this program 
would not only be unsuccessful but would also be 
dangerous. Digitoxin therapy was therefore aban- 
doned and the oral administration of quinidine w:s 
resumed in a dosage of 0.4 Gm. every four hours. 
The ventricular rate was maintained between 12') 
and 140 per minute on this program. 

On September 14, prostigmine methyl sulfat« 
(1.0 mg. given intramuscularly) and prolonged pres- 
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a first on both eyeballs and then on both carotid 
sinuses had no effect. 

(n September 15, acetylcholine was administered 
inti:venously rapidly (within one second) in doses 
of 3) mg., then 60 mg., and finally 100 mg. with no 
effet on the tachycardia. 

‘1 September 17, the intravenous quinidine pro- 
gra‘ was repeated. Potassium chloride was given 
in cosage of 2 Gm. every hour for four doses. A total 
of |.8 Gm. quinidine over a period of one hour and 
fift, -five minutes failed to convert the tachycardia 
to sormal sinus rhythm. At the completion of the 
quinidine injection, atropine sulfate (1.2 mg. given 
int::venously) had no effect. 

(in September 18, 0.1 Gm. Papaverine given in- 
travenously produced a marked generalized flush 
but no change in cardiac rate or rhythm. A roent- 
genogram of the chest showed the same findings as 
previously noted, but for the first time calcification 
was noted in the pericardium of the left ventricle 
(fig. 6). 

On September * 25, a fourth trial of intravenous 
quinidine was given as before. Three grams of potas- 
sium chloride were given in a single dose ninety 
minutes after beginning the quinidine. The patient 
received 1.8 Gm. quinidine in one hundred and 
sixty-five minutes. Normal sinus rhythm appeared 
one hundred and twenty-five minutes after the start 
of quinidine and thirty-five minutes after the dose 
of potassium chloride. Maintenance therapy con- 
sisted of 0.4 Gm. quinidine sulfate and 1.0 Gm. 
potassium chloride every four hours. Normal sinus 
rhythm remained for a period of twelve hours at 
which time the patient vomited, the ventricular 
rate increased to 115 beats per minute, and the 
abnormal rhythm reappeared. 

On September 28, three days later, the fifth trial 
of intravenous quinidine was given in the same man- 
ner. This attempt ‘was unsuccessful in spite of re- 
duction of the ventricular rate to a low of 84 per 
minute. 

On October 2, thirty days after the onset of his 
tachycardia, a bilateral procaine block of the in- 
ferior cervical ganglions plus the first four thoracic 
sympathetic ganglions was performed.* Good phys- 
iologic effect was obtained, as manifested by bilateral 
Horner’s syndrome, increased warmth of the arms 
ani hands, and absence of sweating on face and 
aris. Vagal stimulation was also done by means of 
eyeball and carotid sinus pressure. There was no 
ch:nge demonstrable either clinically or by electro- 
ca diogram. 

in October 6, four days later, the bilateral 
pr caine block was repeated. This time the patient 
Ws given 0.6 Gm. quinidine orally every four hours 
fo forty-eight hours prior to the block. Again, there 
Wis no effect on the tachycardia. Atropine sulfate 
(-.0 mg.) given intravenously did not che ange the 
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abnormal rhythm. Four hours later Prostigmine 
(1.5 mg. given intramuscularly) was likewise un- 
successful. 

On October 7, the intravenous quinidine regimen 
was applied for the sixth time. The electrocardiogram 
showed the appearance of normal sinus rhythm 
after 1.0 Gm. had been administered. Sinus rhythm 
alternated with the tachycardia repeatedly during 
the next one hundred and ten minutes, during which 
time an additional 0.8 Gm. quinidine was given. 


Fia. 6.—September 18, 1948. 
cardium over left ventricle. 


Calcification in peri- 


Forty-five minutes after the discontinuance of the 
quinidine injection the electrocardiogram showed 
that the abnormal tachycardia had persisted. That 
night the patient retained 2.0 Gm. potassium given 
orally every two hours, except for two doses, and 
0.6 Gm. quinidine given every four hours. An 
electrocardiogram taken the next morning (fig. 7) 
suggested the possibility of potassium intoxication 
although the patient showed no clinical signs of this 
condition. 

From October 8 to October 13 the patient was 
maintained on quinidine sulfate (0.2 Gm. every four 
hours). The ventricular rate averaged about 140 
per minute or less. During this time, diarrhea from 
medication increased to eight or ten stools per day, 
and anorexia was moderately severe. 
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On October 13 the patient received 20 ec. of a 25 
per cent solution of magnesium sulfate intravenously 
in a period of two minutes. This produced severe 
flushing and sweating, but had no effect on his heart 
except for slight slowing of the ventricular rate (140 
to 120 per minute). 

On October 15 the same quinidine regimen as 
that used on October 7 was tried. Conversion to a 
sinus rhythm occurred after slightly less than 1.0 
Gm. had been given. On this occasion, the abnormal 
rhythm reappeared between one and two hours after 
the treatment had been terminated. 

On October 16 the patient developed pleuritic 
pain in the lower portion of the right side of his 
chest. A roentgenogram of the chest showed a high 
diaphragm on the right side, mottled density 
throughout the base of the right lung, and slight 
shift of the mediastinum to the right; these findings 
were interpreted as evidence of atelectasis and a 
superimposed pneumonitis. Fever, chest pain, and 
rales at the right base responded slowly to penicillin 
therapy. On October 25 the roentgenograms showed 


peared and then to maintain this rhythm by con- 
stant slow intravenous drip of quinidine over g 
period of several hours. In this way, we hoped to 
depress the irritability of the ectopic focus long 
enough to permit the sinus node to recapture its 
dominance. 

Quinidine hydrochloride, 1.8 Gm. in 300 é of 
normal saline solution, was given intravenously, 
Sixty-five minutes after starting the quinidine and 
twenty minutes after the oral administration of 2.0 
Gm. potassium chloride, the electrocardiog:am 
showed a normal sinus rhythm with a ventricular 
rate of 106 per minute. 

The initial 1.8 Gm. quinidine was administ«red 
in a period of two hours, after which an additional 
1.8 Gm. was started. At this time the apex rate was 
88 per minute. The flow of quinidine solution was 
reduced to a rate of 5 to 8 drops a minute. 

Four hours later an electrocardiogram (fig. 8) 
showed normal sinus rhythm with a rate of 70. The 
patient at that time responded poorly to comm:nds 
and his breathing became irregular. The flow of 





Fic. 7.—October 8, 1948, one day following intravenous quinidine (1.8 Gm. total) and maintenance 
oral quinidine (0.6 Gm. every four hours) along with potassium acetate (2.0 Gm. every two hours). 
QRS, 0.20 second. Absence of P waves and widened QRS waves are suggestive of potassium poisoning. 


an increase in the density at the base of the right 
lung; this was interpreted as evidence of pneumonia, 
pleuritis, and fluid, although the possibility of a 
pulmonary infarct could not be entirely excluded. 

On October 30 the patient showed evidence of 
congestive heart failure. Mercurial diuretics, xan- 
thines, and acid-ash, salt-free (1.5 Gm. salt or less) 
diet were effective in relieving the symptoms to some 
extent. During this interim the tachycardia con- 
tinued without change. The patient’s daily quinidine 
ration kept the rate at an average level of 120 to 130. 

It became evident that the patient was showing 
increasing dependence on morphine. His daily in- 
take of morphine had been limited to 15 mg. at 
bedtime with occasionally an extra dose during the 
day. Attempts at withdrawal were accompanied by 
mental depression, anxiety, apprehension, paranoid 
tendencies, and increase in diarrhea. 

On November 3 the intravenous quinidine regimen 
was attempted for the eighth and final time. Since 
the previous successful conversions to normal rhythm 
had failed to establish the sinus rhythm for more 
than twelve hours, the plan adopted on this trial was 
to give quinidine until normal sinus rhythm ap- 


quinidine solution was stopped, a total dose of 3.2 
Gm. having been administered. Five minutes later 
he was completely unresponsive, his breathing 
ceased, and his heart sounds could not be heard. An 
electrocardiogram (fig. 8) showed loss of P waves 
and marked widening of the QRS complex. Neo- 
synephrine (3 mg.) was given intravenously and the 
heart sounds became audible with an apical rate of 
96. An additional 10 mg. Neosynephrine and 0.5 Gm. 
caffeine were administered intravenously followed 
by a marked improvement in the heart sounds. 

The patient was placed in an oxygen tent and 
within an hour he regained full consciousness, cy- 
anosis decreased, normal sinus rhythm remained 
with an apex rate of 90 to 100, but the blood pressure 
was still unobtainable. 

During the ensuing twenty-four hours the blood 
pressure gradually rose to 80/60. The sinus rhyt!im 
persisted. Anuria occurred and the patient coi- 
plained of marked thirst. Edema appeared in tie 
feet and ankles. The nonprotein nitrogen rose to ‘5 
mg. per 100 ce. of blood, the serum carbon-dioxi'e 
combining power was 25 volumes per cent, and tlie 
serum chloride was 446 mg. per 100 ec. of serun., 
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The patient was given fluids freely by mouth, 350 chloride, and carbon-dioxide combining power re- 
ve, of human plasma intravenously, and additional turned quickly to normal levels. Edema decreased 
caffeine and Neosynephrine intramuscularly. On No- and the blood pressure rose to around 100/60-70. 
vember 4 a total of 55 ce. of urine was obtained by The final electrocardiogram (fig. 9) showed a norma] 
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Fic. 8.—November 3, 1948. Lead II only. During intravenous quinidine therapy (3.2 Gm. total). 
1, Paroxysmal tachycardia, B, sinus rhythm, C, D, F, F, progressive changes showing quinidine 
toxicity. G, recovery from toxicity. H, eight and one-half hours later, normal sinus rhythm. 


Fic. 9.—November 15, 1948. Normal sinus rhythm. Rate 92. P-R, 0.18 second. Delayed intraven- 
tricular conduction. QRS, 0.13 second. (The most recent electrocardiogram, January 10, 1949, showed 
normal sinus rhythm. Rate 110. Delayed A-V conduction. P-R, 0.22 second. Left bundle branch 
block. QRS 0.16 second in duration.) 


catheterization during the twenty-four hours. On sinus rhythm. The addiction to morphine was the 
Novymber 5 urinary output returned to normal only problem of significance and it was gradually 
leve!s. The duration of the urinary suppression was corrected after withdrawal of the drug. The patient 
fort, -two hours. was discharged from the hospital on November 16, 
F:om this point on the patient began to improve seventy-five days after admission. The duration of 
slow y and steadily. The serum nonprotein nitrogen, his paroxysmal tachycardia was sixty-three days. 
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Following his discharge from the hospital the 
patient was maintained on 1.0 Gm. quinidine sulfate 
daily and an occasional injection of Mereuhydrin. 

Activity was gradually increased and well 
tolerated until he contracted an acute upper respira- 
tory infection in January 1949. A severe paroxysmal 
cough developed and interfered with sleep. Dyspnea 
became progressively worse and because of this he 
was readmitted to the hospital where he remained 
for fifteen days. Because of hydrothorax on the 
right side, secondary to congestive heart failure, 
the pleural cavity was tapped twice and 1,850 cc. of 
straw-colored, transudative fluid were removed. 
While the patient was in the hospital acute and 
severe pleurisy involving the lower left side ap- 
peared and slowly cleared up. Although this was 
considered to be inflammatory, the possibility of a 
small pulmonary infaret could not be excluded. 

The patient was discharged on February 3 and 
seen at the clinic on February 17, 1949. His heart 
had maintained its normal sinus rhythm, and there 
were no signs of congestive heart failure. Physical 
activity was being resumed very slowly and the 
patient was apparently getting along satisfactorily. 


DIscuSSION 


The diagnosis of this patient’s tachycardia 
has been in doubt. We do know that the patient 
has a left bundle branch block and the tachy- 
cardia has been engrafted upon this. Retrograde 
conduction of the impulse from ventricles to 
auricles seems to be definite and inverted P 
waves are found to occur at varying intervals 
following the QRS complexes. In figure 5, A 
an inverted P wave follows each QRS complex. 
In figure 5, B an inverted P wave follows the 
QRS wave at progressively increasing in- 
tervals—the “reverse Wenckebach” with a 
4:3 and 3:2 retrograde block. Regularly oc- 
curring P waves independent of the ventricular 
rhythm have not been identified. In the ab- 
sence of this proof, ventricular tachycardia 
cannot be diagnosed with certainty in spite of 
the fact that in many ways the tachycardia 
behaved very much like a ventricular tachy- 
cardia. The possibility that the ectopic focus 
was located somewhere in the junctional tissue 
must be entertained. The configuration of the 
QRS wave when sinus rhythm was restored is 
quite similar to the QRS wave noted during 
the tachycardia and this fact favors a supra- 
ventricular origin of the tachycardia. What- 
ever is the mechanism of the abnormal rhythm, 


the results of various forms of treatment are 
quite interesting. 

Treatment of this patient’s tachye:rdig 
included practically every form of therapy that 
has been recommended for such disorde:s of 
rhythm. Most forms of therapy were used 
more than once and in sufficiently high di sage 
to guarantee their full pharmacologic « {fect 
with the possible exception of intravenous 
morphine, in which our dosage was much below 
that recommended by Gonzales Sabaihie: 

Methods of increasing vagal tone were totally 
ineffective. The administration of Prostigmine, 
Mecholyl, and acetylcholine, and the applica- 
tion of carotid sinus pressure were ineffective, 
The administration of Prostigmine followed 
within five minutes by Mecholyl produced such 
an array of symptoms that there was little 
doubt that vagal stimulation of marked degree 
was obtained and yet there was no significant 
alteration in the tachycardia. 

Blocking the vagus by the intravenous ad- 
ministration of 2.0 mg. atropine after the pa- 
tient had received heavy doses of quinidine®: " 
orally likewise had no effect. 

Blocking the sympathetic nervous pathways 
by the injection of procaine solution into the 
inferior cervical and first four thoracic gan- 
glions on both right and left sides! was without 
effect. Several days before the first procaine 
block, oral quinidine therapy had purposely 
been discontinued to allow the ventricular rate 
to return to its maximum level. It was reasoned 
that the higher initial ventricular rate might 
serve as a better control for any change re- 
sulting from the procaine block. 

Continuous electrocardiographic tracings and 
constant auscultation over the heart during 
the procedure disclosed no alteration in the 
abnormal cardiac rhythm. Carotid sinus pres- 
sure after this block produced no change. 

The second sympathetic block was per- 
formed at a time when the patient was under 
the influence of high quinidine dosage. Again 
there was no noticeable effect on the rhyt!im 
and this time the intravenous administration 
of atropine was ineffective. Finally, the »d- 
ministration of prostigmine resulted in 10 
change. These procedures demonstrated to Is 
that blocking all cardio-accelerator impul-°s 
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yhile at the same time blocking the vagus 
chemically, and later stimulating the vagus 
chemically produced no change in the abnormal 
thytl m. 

The use of a potassium salt in conjunction 
with quinidine®: " during the first episode of 
tach\ cardia led us to believe that it was of 
definite value in terminating the abnormal 
thythm. We suspect, however, as a result of 
the numerous failures during the last bout of 
tachycardia, that potassium salts played a 
questionable role in the successful conversion 
tonormal rhythm. 

Magnesium sulfate? was administered intra- 
yvenously on two separate occasions and 
although there was severe flushing and sweat- 
ing and some slowing of the ventricular rate, 
the basic rhythm remained unchanged. The 
dosage was adequate (20 cc. of 25 per cent 
solution) and the speed of injection was rapid 
(two minutes). 

We do not wish to imply that all the above- 
mentioned forms of therapy may be ineffective 
in other cases of paroxysmal tachycardia. They 
simply did not work in our patient. 

The experience with digitalis in this patient 
was the same as noted by others.*: * There was 
no beneficial effect on the tachycardia from the 
standard 1.6 mg. lanatosid C and as digitoxin 
was further administered there was a steady 
rise in the ventricular rate. It was apparent 
that further administration of digitalis was 
definitely hazardous. 

Intravenous procaine administration had no 
effect on the tachycardia except to produce 
some slowing of the ventricular rate. 

The only drug of any value in our patient 
was quinidine. Quinidine was given orally to 
the point of tolerance (4.8 Gm. a day). It was 
effective in slowing the ventricular rate from 
170 or 180 to 110 or 120. Anorexia, nausea, 
occasional vomiting, and excessive diarrhea 
inte:fered with attempts to increase the dose 
by :nouth. Slowing the ventricular rate even 
by ‘hat amount was of considerable value in 
dele ying the onset of congestive heart failure. 
Hov ever, conversion to normal rhythm by 
oral! administration of quinidine was not ac- 
con plished. 

(/uinidine hydrochloride given intravenously 


has been the only successful form of therapy 
in this patient. The first two attacks of 
paroxysmal tachycardia were terminated after 
a dosage of 1.8 grams. During the last 
episode, quinidine was administered intra- 
venously on eight separate occasions. Four of 
these trials were total failures and four were 
marked by conversion to normal rhythm for 
variable periods of time. Previous administra- 
tion of digitalis could possibly account for lack 
of success in at least two trials. A third trial 
with the intravenous quinidine failed to termi- 
nate the tachycardia in spite of slowing the 
ventricular rate to 84. The administration of 
more quinidine at this point seemed unwise. 
The fourth failure to convert was marked by 
a long period of alternating paroxysmal tachy- 
cardia and normal sinus rhythm. Perhaps in 
this instance a larger dose of quinidine might 
have been successful. 

Of the times when intravenous quinidine 
therapy was at least temporarily successful, 
there were two occasions when the abnormal 
rhythm was converted to normal sinus rhythm 
after the administration of only 1.0 Gm. of 
the drug. In each case, however, an additional 
0.8 Gm. was injected, with the intention of 
depressing the irritable focus long enough to 
permit full recovery of the sinus node. Normal 
sinus rhythm persisted for one hour and for 
two hours respectively. The third partly sue- 
cessful result was obtained with 1.8 Gm. quini- 
dine. In this instance, maintenance oral quini- 
dine was given in a dosage of 0.4 Gm. every 
four hours. Normal sinus rhythm remained for 
twelve hours, after which the paroxysmal 
tachycardia reappeared. A higher maintenance 
dose of quinidine may have prevented the 
return of the tachycardia. The fourth and 
last intravenous injection of quinidine termi- 
nated the tachycardia and established a normal 
sinus rhythm which has persisted to date. On 
that occasion the patient received 3.2 Gm. of 
the drug over a period of four hours. At the 
end of that time he developed clinical signs of 
toxicity® which included a state of coma during 
which he was completely unresponsive for a 
period of one hour, and had marked irregular 
respirations, cyanosis, and extreme weakness. 
The cardiac manifestations of toxicity included 
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pulselessness for a short period of time; cardiac 
sounds were not audible and the only way it 
was possible to ascertain whether or not he was 
still alive was by means of the electrocardio- 
gram. His blood pressure fell until it was un- 
obtainable, and only gradually returned to its 
usual level during the following twenty-four 
hours. Urinary suppression lasted forty-two 
hours and although this may be a manifesta- 
tion of quinidine toxicity alone, it is more 
likely that the low blood pressure and a dis- 
turbed electrolyte balance were largely re- 
sponsible. 

The electrocardiogram (fig. 8) revealed a 
progressive loss of the P wave, widening of the 
QRS complex to 0.28 second, and an increase 
of the Q-T interval to 0.5 second. The Q-T 
interval had been lengthened by about 39 per 
cent which is much beyond the 25 per cent 
range of safety usually recommended.*: 7: !° 
This risk was deliberately taken since in this 
patient we found that the average intravenous 
dose of quinidine (1.8 Gm.), although success- 
ful on some occasions, failed completely on 
other trials. It, therefore, appears to us that 
the intravenous dosage of quinidine may vary 
not only from patient to patient, but also may 
vary in the same patient from time to time. 
It furthermore appears that when quinidine 
is used intravenously for the treatment of 
paroxysmal tachycardia it should be given in 
a dosage that is large enough to terminate the 
tachycardia. This may range from 0.6 Gm. to 
1.8 Gm. or higher. If early recurrence of the 
tachycardia within the first twenty-four hours 
cannot be prevented by oral maintenance doses 
of quinidine, then the use of quinidine intra- 
venously should be considered. 

The final point of interest is the development 
of pericardial calcification over the left ven- 
tricle. It is quite possible that the area of cal- 
cification may involve the myocardium as well. 
Presumably this represents calcification follow- 
ing the original myocardial infarction. In 
time this may possibly further embarrass the 
heart. Whether or not it is playing a part in 
the recurrent tachveardia it is not possible to 
say. 


CONCLUSIONS 


A case of recurrent paroxysmal tachyc:rdis 
is reported. Three separate attacks have been 
observed, one of thirty-seven days’, another 
of two days’, and a third of sixty-three dayy 
duration. 

Intravenous administration of quinidine 
was successful in terminating each attack. The 
dosage used was 1.8 Gm. quinidine hydro. 
chloride in two attacks and 3.2 Gm. in the 
third. 

Methods aimed at altering the nervous con- 
trol of the cardiac rhythm were ineffective. 
Intravenous administration of magnesium sul- 
fate and of procaine were also of no value. 
Digitalis failed to terminate the tachycardia 
and actually increased the heart rate. 

The diagnosis of the type of tachycardia is 
uncertain although we consider it either 
paroxysmal nodal or paroxysmal ventricular 
tachycardia in the presence of a left bundle 
branch block. 

Calcification in the pericardium made its 
appearance during the two-year period of ob- 
servation and the question was raised as to its 


possible role in the recurrent episodes of tachy- 
cardia. 
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Relation of Supraventricular Paroxysmal 
Tachycardia to Heart Disease and the 
Basal Metabolism Rate 


By R. W. Kissane, M.D., Richarp Brooks, M.D., Anp THomas E. Ciark, M.D. 


The records of 9,950 private patients were reviewed to determine the incidence of supraventricula 
paroxysmal tachycardia. The relationship of the tachycardia to the various types of heart diseas« 
was determined. The incidence of tachycardia in normal persons and in patients with hyperthy 


roidism or hypothyroidism was also studied. 


UPRAVENTRICULAR paroxysmal tach- 

yeardia has been described as _ occur- 

ring frequently in association with thyro- 
toxicosis and also with rheumatic heart disease; 
however, White! reported that 89 among a 
total of 132 collected cases occurred in persons 
who showed no evidence of heart disease. Fa- 
tigue was given so frequently as the responsible 
factor in precipitating the attack that it was 
suggested that a hypothyroid state should be 
studied for demonstration of any possible re- 
lationship between it and the tachycardia. In 
order to evaluate these impressions the follow- 
ing investigation was undertaken, using various 
types of standard commercial basal metabolism 
apparatus, under carefully controlled basal con- 
ditions. 


METHOD AND RESULTS 


A review of the records of 9,950 private 
patients from a cardiologic service revealed 
361 cases of supraventricular paroxysmal 
tachycardia, or an incidence of 3.6 per cent. 
The cases of tachycardia were distributed as 
follows: 122, or 34 per cent, occurred in persons 
considered to be normal; 123, or 34 per cent, 
in patients with rheumatic heart disease; 51, 
or 14 per cent, in patients with arteriosclerotic 
heart disease; 12, or 3 per cent, in patients 
with hypertensive heart disease; 16, or 5 per 
cent, in patients with thyrocardiac disease; 
all the remaining cases (10 per cent) occurred 

From the Cardiological and Medical Departments 


of the Ohio State University, College of Medicine, 
and White Cross Hospital, Columbus, Ohio. 


in association with various other conditions, 
In order to compare this distribution and to 
determine whether or not these percentages 
differed from the natural grouping of cardiologi- 
cal patients, a sample of 5,530 patients with 
supraventricular paroxysmal tachycardia was 
analyzed which showed the following incidence: 
1,188, or 21 per cent were normal; 1,698, or 
31 per cent had arteriosclerotic heart disease: 
935, or 17 per cent, had hypertensive heart dis- 
ease; 915, or 16 per cent, had rheumatic heart 
disease; 199, or 4 per cent, had thyrocardiac 
disease; the remaining patients (11 per cent) 
had other varied cardiac conditions. 

Of our 361 patients with supraventricular 
paroxysmal tachycardia there were 206 in 
whom the basal metabolic rate had been de- 
termined. Since the largest percentage of cases 
of supraventricular paroxysmal tachycardia oc- 
curred in normal persons and in those with 
rheumatic heart disease, these two groups were 
studied in regard to the basal metabolic rate. 
There were 97 persons in the normal group 
upon whom determinations of the basal meta- 
bolic rate had been made. In 4 of these, or 
4 per cent, the rate was above +20; in 80, 
or 86 per cent, it was between +20 and — 20; 
and in 10, or 10 per cent, it was below ~—20 
per cent. There were 51 patients in the rieu- 
matic heart disease group upon whom the de- 
terminations were made. In 2 of these. or 
4 per cent, the rate was above +20; in 43, 
or 84 per cent, it was between +20 and — 20; 
and in 6, or 12 per cent, it was below —20 per 
cent. Of all the subjects upon whom basal 
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met: olism determinations were made, in 17, 
or 8 ver cent, the rate was above +20; in 168, 
or 8 per cent, it was between +20 and —20; 
and n 21, or 10 per cent, it was below —20 
per cnt. It appeared from these studies that 
hyp: thyroidism or hypothyroidism has no ef- 
fect upon the occurrence of supraventricular 
pare ysmal tachycardia and that most attacks 
of this type of tachycardia occur in patients 
with rheumatic heart disease. 

The high percentage of paroxysmal tachy- 
cardia found in the normal group is explained 
by the fact that these persons frequently pre- 
sented themselves for examination because of 
the attacks of rapid heart action. In the sample 
grou Which revealed the ratio of various types 


of heart disease the incidence of normal per- 


sons Was 25 per cent higher than that in the 
group With rheumatic heart disease. When this 
was considered it was realized that the occur- 
rence of supraventricular paroxysmal tachy- 
cardia in association with rheumatic heart dis- 
ease should be increased and that in the normal 
group it should be decreased from 34 per cent. 
The reverse was found in the group with 
arteriosclerotic heart disease, in which the in- 


cidence was 31 per cent, but only 14 per cent 
of these patients had supraventricular parox- 
ysmal tachycardia. There appeared to be no 
definite relationship in occurrence between su- 
praventricular paroxysmal tachycardia and 
either hypertensive or arteriosclerotic heart dis- 
ase. 


CONCLUSIONS 


A review of 9,950 cases from a cardiologic 
service revealed an incidence of 3.6 per cent 
of supraventricular paroxysmal tachycardia. 

The highest incidence (34 per cent) of supra- 
ventricular paroxysmal tachycardia was found 
in the patients with rheumatic heart disease 
and the next highest in those with normal 
hearts. 

There was no relation found between supra- 
ventricular paroxysmal tachycardia and the 
other types of heart disease. 

Hyperthyroidism or hypothyroidism had no 
effect upon the incidence of supraventricular 
paroxysmal tachycardia. 
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A Slide Rule to Determine the Axis of 
the Electrocardiogram 


By Joun H. Bearry, M.D. 


A slide rule for determining the electrical axis of the electrocardiogram is presented. The device is a 
modification of the Dieuaide Chart. Construction of the slide rule and method of using it are de- 
scribed. Its use permits a very rapid calculation of the axis in degrees. 


HE INCREASING use of the precordial 
and unipolar extremity leads has per- 
mitted new concepts and a fuller under- 
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Fic. 1.—Slide rule for determination of the axis of 
the electrocardiogram. 


standing of the electrocardiogram. The ‘“‘elec- 
trical axis’ as computed by the Einthoven 
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triangle is receiving less and less attention, 
Recording the numerical value of the axis still, 
however, presents certain advantages, particu- 
larly in written descriptions of tracings, and in 
comparison of serial records. It is probable that 
the absence of a rapid uncomplicated method 
for measuring the axis in degrees has been one 
of the reasons for its omission from routine 
electrocardiographic interpretations. A simply 
constructed device is presented here which per- 
mits the determination of the numerical vaiue 
of the axis with a minimum of time and effort. 

The slide rule is based on the mathematical 
analysis and chart published by Dieuaide! in 
1921. The chart is in general use and can be 
found in many of the standard texts. In effect, 
the chart alters the Einthoven triangle to the 
extent that the radial lines measuring the axis 
are related to rectangular coordinates. The slide 
rule facilitates the use of this chart to permit a 
considerably more rapid solution. 

The slide rule (fig. 1) consists of two parts: 
(1) a square sliding panel and (2) a frame to 
which is attached a transparent vertical strip 
beneath which the panel moves. The radial lines 
of the Dieuaide Chart are drawn on the center 
panel with the zero directly to the right of the 
center of the dial. The ordinate scale of the 
chart, which represents the values for the de- 
flection in Lead I, is placed across the top of the 
center panel. The abscissa scale is reproduced 
along the vertical center line drawn on the over- 
lying transparent strip fixed to the frame. When 
the panel is in mid-position the vertical center 
line overlies (1) the center point of the dial, 
the +90 and —90 points on the circumfere::¢ 
of the dial, and (3) the zero or center point 
the horizontal (Lead I) scale at the top of ‘he 
panel. 





JOHN H. BEATTY 953 


MEASURING THE AXIS 


‘| find the numerical value for the axis, the 
alge>raic sums of the deflections in Leads I and 
IL sve determined in the usual manner. The 
pan: is then moved so that the value on the 
horizontal scale, equal to the deflection in Lead 
[, is under the vertical center line. The value for 
the Lead III deflection is then found on the 
vertical scale. This point overlies the labeled 
radiil line which gives the axis deviation in 
degrees. Once the panel has been moved to the 
proper position, the value for the axis can be 
real directly. For example: if the value for 
Lead I is +6 and for Lead III is —4, the panel 


is moved to the left until the +6 on the hori- 
zontal scale is under the vertical line. Reading 
down the vertical scale, —4 is found to lie just 
above the radial line for —10 degrees, giving « 
value of —11 degrees. 

So little time is required to make this de- 
termination that for the past two years it has 
been made a part of the routine electrocardio- 
graphic interpretations made at the University 
of California Hospital. 
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A Quantitative Comparison of Unipolar and 
Augmented Unipolar Limb Leads 


By Ernst Stmonson, M.D., AND ANCEL Krys, PH.D. 


Goldberger has claimed that his augmented unipolar limb leads (aV) are identical 


except for 


a 50 per cent larger amplitude—and interchangeable with Wilson’s original V leads, but this 
claim was not supported by quantitative evidence. The advantage of larger amplitudes explains 
the increasing preference for the aV leads. A quantitative comparison between V and aV leads re- 
vealed such tremendous variability of the augmentation ratio, both interindividual and between 
leads in the same individual, that standards obtained with V leads are not applicable to aV leads 
and vice versa. V leads and aV leads are not interchangeable. 


ROCEEDING from the Einthoven tri- 

angle theory of the electrocardiogram, 

Wilson and his collaborators! suggested 
that a relatively neutral reference electrode (T) 
could be obtained by pooling the three limb 
electrodes in a common terminal. Though the 
potential of such a terminal electrode is not 
zero, it is definitely smaller than the potential 
variations in any single limb electrode. In spite 
of the theoretic merit of Wilson’s V Jead, it 
has the disadvantage of occasional small 
magnitude of the deflections in the unipolar 
limb leads Vp, V,, and Vx. In order to increase 
the amplitude of deflections, while still retain- 
ing the advantage of an “‘indifferent’’ reference 
electrode, Goldberger?~* modified Wilson’s pro- 
cedure by disconnecting the central terminal 
from the limb to which the exploring electrode 
was attached. Thus, Goldberger pools only two 
instead of three leads. By mathematical de- 
duction he concluded that this procedure would 
augment the deflections by 50 per cent. This 
was expressed in the nomenclature ‘“‘aV”’ leads, 
“a” indicating augmented. Expressed on a 
percentage basis, the unipolar aV limb leads 
would equal 150 per cent of the amplitudes in 
the unipolar V leads. Except for the larger 
amplitude, Goldberger claimed that the V and 
aV leads are identical and interchangeable. 
Goldberger also omitted the 5,000-ohm resistors 
placed between the extremity electrodes and 
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Wilson’s terminal (T); this, however, does not 
essentially affect the basic principle of ug- 
mentation. 

The advantage of having larger amplitudes 
in the unipolar limb leads explains the recent 
tendency of electrocardiographers to use Gold- 
berger’s aV leads. The preference for aV rather 
than V unipolar leads is, however, not uniform. 
While Myers and Klein® prefer the Goldberger 
leads, Kossmann and his associates® discarded 
Goldberger’s electrode because they sometimes 
observed considerable distortions compared 
with 
At Kossmann and his co- 
workers used Goldberger’s two-lead pooling 


Wilson’s three-lead terminal electrode. 


times, however, 


with Wilson’s resistors; detailed comparisons 
were not reported for any of these arrange- 
ments. Although no objection can be made 
against the mathematical basis the aV 
leads, the question of possible distortion can 
only be decided experimentally. Kisch’  re- 
ported a case with grossly different augmenta- 
tion in aVR (162 per cent), aV;, (143 per cent) 
and aV, (108 per cent) and implied that this 
is not unusual. In the absence of a quantitative 
comparison between the aV and V leads, the 
choice between them has been left mainly to 
subjective preference. This article reports a 
quantitative analysis of the augmentation 
obtained with aV limb leads. 


of 


Mertuop 
In a group of 20 normal men aged 20 to 53 
years, in 2 patients with abnormal right axis 
deviation, and in 4 patients with abnormal 
left axis deviation, the standard leads, the 
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Vy. Vi, Ver leads (Wilson leads), and the 
aV,, aVz, and aV,y leads (Goldberger leads) 
were taken with the Sanborn Viso-Cardiette. 
Th exploring electrode was placed several 
incies from the nearest terminal of the ‘“T”’ 
ele: trode. Previous to this work, a quantitative 
comparison of electrocardiograms obtained 
wit a string galvanometer (Cambridge), an 
am»lifier instrument (Sanborn), and the Viso- 
Cardiette was made. There was good agreement 
between the various instruments in regard to 
the recorded amplitudes of the deviations. 
In the Viso-Cardiette, the three limbs RA, 
LA and LL are connected to the V terminal 
eachi through a separate 5,000-ohm resistance. 
The Sanborn Company states that this arrange- 
ment in connection with the high-impedance 
amplifier input (around 500,000 ohms) reduces 
the error due to variable skin resistance to 0.2 
per cent. It seemed therefore, that the Viso- 
Cardiette was well suited for this experimental 
study. 

In each tracing, the amplitudes of the QRS 
complex and the T wave were averaged from at 
least five beats. The measurements were made 
as carefully as possible and were independently 
checked. In 10 of the subjects the aV leads 
were compared with and without 5,000 ohms 
in each branch of the central terminal; for 
this purpose shielded cables were used to pool 
the leads. In another group of 22 subjects 
(13 men, 9 women), the repeat variability of 
the RS amplitude in Vy was investigated 
with both Wilson and Goldberger leads. 
Finally, in 15 subjects, Vp and aVp leads were 
also taken with the Cambridge electrocardio- 
graph (string galvanometer). 

RESULTS 

The amplitudes (positive or negative) of the 
QRS complex and of the T wave were plotted 
for all unipolar limb leads with the amplitudes 
in the V leads as abscissa (positive right, 
negative left) and the amplitudes in the aV 
leas (positive up, negative down) as ordinates. 
Thus, in figure 1, the right upper quadrant 
shows the R wave, the left lower quadrant 
shows the S wave. 

‘he scatter diagrams for the various leads 


and deflections were similar, so that it is 
sufficient to show three diagrams (figs. 1-3) for 
illustration: the R and S waves for the left 
leg lead (fig. 1), the T wave for right arm lead 
(fig. 2), and the QS deflection for the right 
arm lead (fig. 3). Since the R wave in this 
lead is small or absent, only the negative de- 
flection, Q or 8, was plotted, with abscissa and 
ordinate increasing from left to right and 
upward. The 150 per cent slope, which corre- 
sponds to Goldberger’s predicted augmenta- 
tion over the Wilson leads, is indicated by a 
solid line. The figures show that the predicted 
slope agrees roughly with the general trend 
observed. However, the individual scatter is 
great. Theoretically, there is no reason to 
expect an effect of the axis or the direction of 
potentials on the augmentation in the aV 
leads, but nevertheless it should be investigated 
whether these factors determine the individual 
scatter and trend. It seems that the scatter or 
trend is not affected by the QRS axis within 
the normal limits. In figure 1, the values of the 
S wave in the 4 patients with abnormal left 
axis deviation are below the 150 per cent 
slope, and the R waves of the 2 patients with 
abnormal right axis deviation are above the 
150 per cent slope. However, the scatter of the 
values of patients is within the range of normal 
scatter. In figure 2, the augmentation for two 
positive T waves, one of a patient with ab- 
normal left axis deviation, and the other of a 
patient with abnormal right axis deviation, fall 
below the 150 per cent slope. In the Vy leads, 
the values of the patients were within the 
normal scatter (not included in figs.1-3). 
The QS waves of the right arm lead (fig. 3), 
representing mostly right ventricular cavity 
potentials, and the R wave in the left leg lead 
(fig. 1), mostly representing left ventricular 
epicardial potentials, show about the same 
general trend, and the same is true also for 
the R and S waves of the left arm lead (not 
included in figs. 1-3). Thus, it is our impression 
that trend and scatter are largely independent 
of QRS axis and the direction of deflections. 
This is of interest since the potential of the 
left ventricle (R wave as major deflection) 
might be recorded in the Vy or Vy lead, de- 
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pending on the position of the heart. The 
S wave was the major deflection in the V, or 
aV, leads in all cases with a QRS axis ex- 
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basis for statistical evaluation. Small ampli- 
tudes involve a comparatively large error of 
measurement, which has been recently demon- 


R-S DEFLECTIONS 


Fic. 1.—Amplitude of R § deflection in Vs (abscissa: positive right, negative left) versus aV- 
(ordinata: positive up, negative down). The right upper quadrant shows the R wave; the left lower 
quadrant shows the 8 wave. The solid line corresponds to an augmentation factor for aVr = 150 per 
cent of Vp. The individual QRS axis is indicated by symbols. 


ceeding 64 degrees, and in the V» or aVy leads strated in a quantitative way,’ and the error 


in all cases with a QRS axis less than 39 degrees. 


in calculating percentages of augmentatio! 


Since the augmentation does not depend on with small amplitudes is so great that 
the direction of the potential, it seemed to be discarded all amplitudes lower than 1 stan 
justifiable to take the major QRS deflection in ardized mm. (= 0.1 mv) in the Wilson lea:!s 
any given lead, whether R or S wave, as the or 1.5 mm. in the Goldberger leads. 
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While figures 1-3 show that the slope agrees 
roighly with the predicted augmentation of 
150 per cent, the validity of the aV leads as a 
clinical method must be determined by analysis 


range for 90 per cent population (calculated 
from the S.D.), and the number of values. 
In the QRS deflections the number of available 
values (those exceeding 1 mm. in the Wilson 


Va T - wave 
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a Vp 


Fic. 2.—Amplitude of the T wave in Vr (abscissa: positive right, negative left) versus aVp (or- 
dinata: positive up, negative down). The solid line corresponds to an augmentation factor of aV-= 
150 per cent of Ve. The individual QRS axis is indicated by symbols. 


of interindividual variability. Clinical electro- 
cardiography is concerned with individual 
palients and not with groups. 

‘able 1 shows the means, interindividual 
vaiability of the augmentation expressed as 
stendard deviation (S.D.), the expected normal 


leads) equals or approaches 26 (the total 
number of subjects), while it is substantially 
smaller for the T wave in Leads V, and Vy. 
In agreement with the impression gained 
from figures 1-3, the mean is fairly close to 150, 
except for Lead Vy (aVy) in which there were 





Va -QS Deflection 


QRS AXIS > -l0° 

QRS AXIS -9° to +1I0° 
QRS AXIS -lI° to + 25° 
QRS AXIS +26°to + 45° 
QRS AXIS +46°to + 70° 
QRS AXIS <7I° to +90° 
QRS AXIS >-+90° 


xO0e0e0008 


Fic. 3.—Amplitude of QS deflection in Vr (abscissa) versus aVr (ordinate). The solid line cor- 


responds to an augmentation factor of aVr= 150 per cent of Vr. The individual QRS axis is indicated 
by symbols. 


TABLE 1.—Augmentation of Amplitudes in the Goldberger Leads (aV) Expressed as a Percentage of the Wilson Leads* 
| } 
aVR aVi aVE 
- ( 00 
VR xX 100 Vi. X 100 VE X 106 
QRS T QRS 7 QRS T 


Mean Pica ee eins 156 147 165 157 187 
$.D.+ i F ecco 29.8 48 .¢ 41.4 39.0 77.0 62. 
Expected upper limitf........... 205 220 233 221 311 290 
Expected lower limitf...... eee 107 100 100 100 100 100 
Number of values.... Benes es 26 24 22 13 25 15 


* The QRS or T deflection is compared in the same unipolar limb lead. Means and standard deviations !or 
twenty-six subjects. 
+ The expected range refers to 90 per cent of the population. 


t The lower limit of 100 is assumed where, according to the variability, the aV leads may show a smaller am) i- 
tude than the V leads. 
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meas of 184 and 187 per cent, respectively, 
for ‘he QRS complex and the T wave. 

Tie variability, expressed by the standard 
deviition (S.D.) is very large. A predicted 
range Was calculated for the accepted limit of 
statistical significance of P = +5 per cent, 
whic indicates the variability limits for 90 
per cent of the population. A lower limit of 
100 ‘equality of amplitude in the V and aV 
lead=) Was assumed when a lower value would 
have been obtained on the basis of the sta- 
tistical calculation. It is not probable that the 
aV leads would show a smaller amplitude than 
the V leads; it must be assumed that the dis- 
tribution curve is asymmetrical to the left. 


respectively), but in the left arm and left leg 
leads the S.D. of the augmentation of the T 
waves is the same as or even somewhat smaller 
than the S.D. of. the QRS complex. 

Another criterion for the use of Goldberger’s 
method is the consistency of the augmentation 
between the various leads. This is expressed as 
the ratio of augmentation between two (aV) 
leads, again compared on a percentage basis. 
Equal augmentation between two leads would 
be indicated by a percentage of 100. 

Table 2 shows that the mean percentage is 
close to 100, but the variability (S.D.) is as 
large as the interindividual variability of the 
augmentation in any single lead (table 1). 


TaBbL& 2.—Comparison of Augmentation with the Goldberger Leads (aV) in the Three Unipolar Limb Leads in the 
Same Subjects* 


Largest QRS Deflection T wave 


aVR aVR . aVR aVR 
VR Vv ‘i 


Mean 
s.D.+ 


PUTOE GE WRENN. «6 cic osc c.ooc 5 5.6 obs owls poles estes 
Expected upper limitt 
Expected lower limitt 


* expressed as the ratio between leads on a percentage basis. A value of 100 would mean identical augmentation 


in the two leads compared. 


> X 100 = X 100 
ore 


Vi, 
~ ( 
Ne aVe X 100 


VF VF VE VE 


VR VR 
) 
aVL X 106 aVE X 100 


98 106 99 100 94 
26. 47.6 48.5 36.6 35.2 
25 25 24 13 15 
142 184 179 160 152 
54 28 19 40 36 


+ The expected range refers to 90 per cent of the population. 


The expected range extends from 100 to 200 
per cent augmentation or more. In other words, 
the augmentation obtained with the aV leads 
in any individual may lie anywhere between 
no augmentation at all and twofold or even 
threefold augmentation. In the remaining 16 
per cent of the population the expected range 
would even be greater. This tremendous 
variibility is not explained by or correlated 
with the mean amplitude of deflections; this 
means, indirectly, that it is not due to the error 
of measurement. The mean amplitude of the 
QRS deflections in Va, Vz, and Vy» was 4.3, 
3.3, and 4.8 mm. respectively, and even larger 
in tie aV leads. This is a magnitude which can 
he measured with reasonable accuracy. The 
me:n amplitude of the T waves is much 
sm: ller (1.5, 1.2, and 1.3 for Va, Vi, and Vr, 


In any single individual (in 90 per cent of the 
population), the ratios of the augmentation 
between the varipus leads may vary from 0.2 
to 1.8. In other words, the relative augmenta- 
tion in the different limb leads is completely 
erratic. 

In our first series the leads were taken in the 
following sequence: Vp, aVr; Vz, aVz; Vr, 
aVy. This might exaggerate the scatter of the 
augmentation ratio if there was spontaneous 
variability of electrocardiographic potentials 
within the short intervals between two suc- 
cessive leads. This seemed improbable, but it 
could not be excluded without test. In a former 
study® considerable day-to-day variability of 
several electrocardiographic items was ob- 
served. Ideally, the V and aV leads should have 
been recorded simultaneously. Since this is 
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technically impossible, the repeat variability 
of the RS wave in the V» and aVy leads was 
studied in the second series in the following 
sequence: Vy, aVr, Vr, aVe. The time intervals 
between the first and second Vy» (or aVy) lead 
corresponded closely to the time interval be- 
tween the V and aV leads in our original 
procedure. 

Twenty-two normal subjects were used for 
this second series (13 men and 9 women); ten 
of them had also served as subjects in the 
first series (Tables 1 and 2). The largest 
deflection (R or 8) was taken as the basis for 
the calculation; this exceeded 1 mm. in the Vy; 
leads and 1.5 mm. in the aV-, leads in all 22 
subjects. The average amplitude of the RS 
deflection in the first V- sample was 3.8 milli- 
meters. The mean value of RS in the second 
recording of the V; lead, expressed as a per- 
centage of the first record, was 100.6, with a 
standard deviation of +5.8; the second record- 
ing of the aVy lead averaged 98.9 per cent of 
the value in the first record of aVy, with a 
standard deviation of +2.6. The variability 
is small and corresponds roughly to the 
magnitude of the error of linear measurement 
of the record.’ This means that the variability 
of the augmentation in the aV,y leads cannot 
be explained by spontaneous physiologic varia- 
bility of the amplitude in the time interval 
between two leads or by intrainstrumental 
variability. 

We chose the V» leads for this second com- 
parison tor two reasons: The standard devia- 
tion was higher than in the other leads (table 1), 
and the mean augmentation (184 per cent of 
the RS deflection and 187 per cent for the T 
wave) was substantially higher than Gold- 
berger’s predicted augmentation of 150 per 
cent. The additional series gave the opportunity 
to check this result. 

In this second series the mean augmentation 
of the RS deflection in the aVy lead was 193 
per cent with a standard deviation of +57.1. 
The results are in good agreement with those 
shown in table 1. In order to test the statistical 
significance of the difference between actual 
and predicted augmentations, the F test was 
used for the total of 39 different subjects of 
both groups. For each subject only one de- 


termination was used. The mean difference 
between actual and predicted augment:ition 
was +34.5 per cent (of V_) practically iden: ical 
with the value in table 1. The F value was {5.2, 
that is, above the level of 0.1 per cent chance 
probability. The difference between actual 
and predicted augmentation ratio in the aV 
leads is statistically highly significant. 

Comparison of the aV leads with and wit |iout 
the 5,000-ohm resistance in ten subjects showed 
close agreement in the majority but occa- 
sionally larger differences were observed. Out 
of twenty-nine pairs of comparisons of the 
QRS complex for the three unipolar limb |eads 
(the deflection in one subject in Vy, was less 
than 1 mm. and was omitted for this reason), 
the agreement was within 10 per cent in 
eighteen, between 10 and 20 per cent in seven; 
the deviation exceeded 20 per cent in four 
comparisons. This distribution agrees jairly 
well with the recent observations of Bryant 
and associates.° 

In 15 subjects, the Vy and aVx leads were 
taken with the Cambridge Electrocardio- 
graph (string galvanometer). The results ob- 
tained for the QS deflection (mean augmenta- 
tion 157 per cent with a standard deviation of 
+24.9) were very similar to those obtained 
with the Viso-Cardiette (156 per cent +298, 
see table 1). This result agrees also with 
Rappaport and Williams’'’ conclusions that 
the unipolar limb leads will be accurately 
recorded by a string galvanometer if the 
contact resistances at the right arm, left arm, 
left leg, and exploring electrode do not exceed 
approximately 9,000 ohms. The variability of 
the augmentation ratio was about the same 
with and without the resistance. 


F 


DIscUSSION 

The results show such a degree of interindi- 
vidual variability of the augmentation factor 
in the aV leads, both in single leads and bhe- 
tween leads, that Goldberger’s method appears 
to be unsuitable for any purpose in which 
comparison with the Wilson leads is to be m:de 
or implied. Clearly, standards obtained with 
the Wilson leads are not applicable to ‘he 
Goldberger leads and vice versa, and thse 
leads are not interchangeable. 
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‘he predicted range of variability in the 
augmentation applies, in a strict sense, to a 
population similar to that represented by our 
sample. There is no reason to expect essentially 
difierent results by enlarging the number of our 
experimental group, but the variability might 
be different in another group differently com- 
po-ed. Our group was rather homogeneous 
compared to the material in average hospitals. 
Since it is reasonable to expect an even greater 
variability in more heterogeneous groups, our 
data and estimates of the variability in aug- 
mentation in the Goldberger leads as compared 
with the Wilson leads are, if anything, con- 
servative. 

lt is of interest to consider the possible 
reason for the discrepancy between the Wilson 
and the Goldberger leads. Since, according to 
Kinthoven’s theory, the algebraic sum of the 
potentials of all three limb leads should be 
zero, Goldberger?~* suggested that advantage 
be taken of the fact that the potential in any 
limb lead should equal the (negative) sum of 
the potentials of the two other leads. Thus, left 
arm (LA) potential + left leg (LL) potential 
= — right arm (RA) potential, and a similar 
relationship would hold for any other lead. 
The result would be, as Goldberger claims, 
that it should be possible to obtain a potential, 
augmented by 50 per cent, without distortion. 

The present results show, however, that 
this expectation is not realized for individuals 
for any one of the unipolar limb leads and 
for the leg lead even the mean of a group of 
normal individuals does not conform to the 
simple theory. But the theoretical basis for 
both Wilson’s and Goldberger’s methods is 
the same. Obviously, there must be erroneous 
assumptions in the basic theory. Gold- 
berger? clearly indicated these assumptions but 
did not offer any real proof of their validity. 
Th: crux of the theory is the assumption that 
the algebraic sum of the true absolute poten- 
tials for the recording positions on the three 
limbs is equal to zero. But if the potential at 
the V terminal is not actually zero, then Gold- 
berger’s calculation as to the augmentation 
ob'ained by his arrangement is invalid. Wilson 
an| his collaborators" referred to the work of 
Eckey and Froéhlich® and of Burger™ as 


showing that the departures from zero of the 
terminal (three lead) ‘‘do not ordinarily exceed 
0.3 millivolt.”” However, Wolferth and Livezey" 
have criticized the validity of the procedure 
used by Eckey and Frohlich and the most that 
one may say is that the resultant absolute 
potential at the V terminal is probably rather 
small in most cases. It should be pointed out, 
however, that a potential of 0.3 millivolt would 
be by no means negligible in view of the magni- 
tude of the deflections in the unipolar limb 
leads. 

Substantial arguments have been made 
for ®- "3-15 and against!® - 18 the validity of 
the Einthoven triangle theory. The situation 
seems to be that the Einthoven triangle theory 
is a useful approximation but that it cannot be 
applied with absolute rigor. It is necessary also 
to consider the variability of the skin resistance, 
as recently discussed by Rappaport and 
Williams.'° 

Consideration of the utility and meaning of 
so-called unipolar leads is impaired by such 
loose or misleading statements as ‘unipolar 
extremity leads are more accurate than the 
standard leads,’*:”-** and that Goldberger’s 
two-lead terminal is an “‘indifferent electrode 
of zero potential.’*: »- 8 It is true, for example, 
that Vp, or aVp, is a more accurate estimate 
of the absolute potential at the right arm than 
could be obtained from the standard Leads I 
and II but, conversely, Lead I is a more accu- 
rate estimate of the difference between right 
and left arms than is gained from Vax, aVr, V1, 
or aV,. And it can hardly be maintained that 
the Goldberger ‘two-lead terminal is actually 
“indifferent” or has truly a ‘“‘zero potential.”’ 
Elsewhere,!’: °- *° Goldberger admits the pos- 
sibility that his “indifferent electrode” may 
not have a zero potential but goes on to argue 
that ‘‘the algebraic sum of the records obtained 
from the three extremities will equal zero.” 
We have already noted the absence of experi- 
mental support for this statement. 

It cannot be denied that there are important 
advantages in any system in which potentials 
are recorded so that they reflect primarily a 
single point of placement of the electrode 
rather than the difference between two points 
which may vary independently in potential. 
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We should, therefore, commend both Wilson’s 
and Goldberger’s procedures and should hope 
to see the older bipolar leads discarded even- 
tually. But as between Wilson’s and Goldber- 
ger’s leads we see little theoretic basis for 
choice. In Goldberger’s papers as well as in 
much of the present discussion the Wilson 
leads were used as the criterion for evaluating 
the Goldberger leads. The reason is mainly 
historical and stems from the fact that Wilson’s 
leads have preceded those of Goldberger in 
time. 

In view of our results it is surprising that 
Goldberger!’ attempted to use his method as a 
means of proving the validity of Einthoven’s 
theory. He determined the greatest maximum 
and minimum deflections on the body surface 
with reference to the right arm. For this 
purpose, a wandering electrode was placed 
successively on a total of eleven points. The 
two points with the maximum positive and 
negative potentials were considered to repre- 
sent a true indifferent electrode, and com- 
parison was then made with Goldberger’s aV 
leads. Goldberger claimed that these two 
methods yielded substantially identical results 


in 10 subjects, but offered only two examples 
of the electrocardiograms in lieu of numerical 
data. Unfortunately, the quality of the illus- 
trations is very poor, but there appear to be 


several discrepancies between the records 
obtained with the two different electrodes.* 
More complete information of the results in the 
8 other subjects would have been desirable. 
Goldberger argues that such “constancy” 
could not be a chance phenomenon, and there- 
fore proves the validity of Einthoven’s theory. 
He actually did not test whether the ‘“agree- 
ment” is a coincidence or not. There are valid 


procedures to do so; for instance, other points 


* In Case 1, the right arm lead taken with the con- 
trol electrode (2 points with the maximum positive 
and negative deflection), shows a small, but definite 
S wave. In aVr, there is only a notch which does not 
exceed the isoelectric line. In Case 2, the negative 
T wave of the left arm lead taken with the control 
lead is larger than the T wave in aV_z, while the 
T wave in the right-arm control lead seems to be 
smaller than the T wave in aVR. The quotient R/S 
in the left leg, taken with the control lead, appears 
to be smaller than it is in aVr. 


with positive and negative potentials could be 
pooled as “indifferent” electrodes and com- 
pared on a quantitative basis. 

Our results have no immediate bearing 5n 
the clinical usefulness of Goldberger’s methid, 
Normal standards could be developed ‘or 
Wilson’s or Goldberger’s method, and resu|ts 
obtained on clinical material could be int or- 
preted on the basis of such standards. But, 
as we have pointed out, standards for the V 
leads cannot be used for the aV leads. Whe 
clinical usefulness of either method can be 
decided only on the basis of large clinical ox- 
perience. For the present, there is, in our 
opinion, no definite evidence for the superiority 
of the V or the aV leads. However, an agree- 
ment is desirable as to whether the V leads or 
the aV leads should be used. It would be con- 
fusing to have two similar, but not identical, 
procedures in use. 

This laboratory is engaged in a long-range 
study on cardiovascular degeneration?’ _ in- 
volving the periodical investigation of about 
400 normal subjects. We wanted to utilize this 
material for normal standards of the unipolar 
limb leads. The present study was mainly 
undertaken in order to arrive, for our own case, 
at a decision whether the V leads or the aV 
leads should be used. We have chosen the V 
leads because the only advantage of the aV 
leads is the larger amplitude, which can be as 
well obtained by a standardization of 15 
mm. = | millivolt. 


SUMMARY 


In 20 normal men and in 6 patients with 
abnormal axis deviation, the amplitudes of the 
QRS complex and the T wave in the three 
unipolar limb leads were taken with Gold- 
berger’s two-lead and Wilson’s  three-lead 
terminal. The mean augmentation obtained 
with Goldberger’s method agrees fairly well 
with the predicted 150 per cent of the Wilson 
leads, except in Lead aVy, where the mean is 
184 (QRS complex) or 187 per cent (T wave). 
The high augmentation rate in aV» was con- 
firmed in another group of 22 subjects and 
was found to be highly significant. 

The individual variability is so large that n 
90 per cent of the population the augmentati n 
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may range from zero to two or even three 
jimes. The variability of the augmentation 
jet\'een the three unipolar limb leads in an 
average individual is about as large as the inter- 
individual variability in any of the unipolar 
lads. The individual variability of the aug- 
mentation of aVpR was about the same when 
taken with the Viso-Cardiette or the Cambridge 
tring galvanometer. The results show that 
Wilson’s three-lead terminal and Goldberger’s 
iwolead terminal are not interchangeable, 
and that standards obtained with one method 
are not applicable to the other method. The re- 
sults have some bearing on the degree of va- 
jility of Einthoven’s triangle hypothesis. 
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Direct Electrocardiograms from the Human 


Heart in Situ. 


Comparison of Direct 


Leads with Precordial Leads 


By Gorvon E. Hern, M.D., AND JAmMes C. Reavis, M.D. 


The clinical value of multiple precordial leads has been proved abundantly and they are now 
used routinely in many electrocardiographic laboratories. The experimental background was 
based upon the correlation of precordial Jeads with direct leads in dogs. Direct leads from the 
surface of human hearts have rarely been reported. The present study is presented to add furthe: 
justification to the use of precordial leads as “‘semidirect” leads in the human being. 


HE OPPORTUNITY to obtain direct 

epicardial leads was provided when a 

patient developed constrictive tubercu- 
lous pericarditis while under observation in the 
hospital. Pericardiectomy was _ performed. 
During the operation the anterior surface of 
the heart was exposed widely by means of a 
sternum-splitting incision. 

Direct leads from the surface of the human 
heart in vivo have been obtained by other 
workers. The first known report is that of 
Barker, Macleod, and Alexander.! In their sub- 
ject the exposure of the heart was very limited 
and most of the sites from which tracings were 
obtained were identified by measurements cor- 
related with the heart at autopsy. Their pur- 
pose was to measure the time of arrival of the 
excitatory impulse at various points on the sur- 
face of the heart. They also produced ectopic 
beats by electrical stimulation of points on the 
surface of the ventricles for studies of electro- 
-ardiographic determination of the site of ori- 
gin of ventricular beats. They published only 
two of the direct epicardial tracings which they 


obtained and did not correlate these with leads. 


overlying these portions of the heart on the 
chest wall. Feil,? in discussing electrocardio- 
graphic studies undertaken during pericardial 
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resection for cardiac compression, stated that 


“electrograms in three cases showed greater 
voltage after resection of the scar and were 
typically monophasic.”’ No tracings were shown 
and no mention of precordial leads was made. 
Nylin and Crafoord* took direct leads from two 
human hearts during thoracic surgery for pul- 


monary lesions. The pericardium was intact in 
both patients. They made no effort to correlate 
the direct leads with precordial leads. 

Wilson and associates? have shown that in 
dogs there is a close correlation between direct 
and precordial leads. They have justified the 
use of the term ‘“‘semidirect” leads in relation 
to the latter. 

The purpose of the present paper is twofold. 
First, we wish to confirm the theory that there 
is a close correlation between direct and pre- 
cordial leads for the human heart, and second, 
we wish to substantiate the statement that the 
characteristic electrocardiographic abnormality 
of chronic pericarditis, namely, the inverted 
T waves, is not due to pericardial disease per 
se.>»® The direct leads were taken from the 
epicardium after the adherent and thickened 
pericardium and portions of the epicardium 
had been removed at surgery. 


Case REPORT 


G. J., a Chinese-American student, aged 20 years, 
entered the hospital July 19, 1947, with compl: ints 
of progressive weakness, dyspnea, increased )er- 
spiration, sore throat, and a nonproductive cough, 
all having developed in the preceding three weks. 
Entry physical examination revealed a temper: re 
of 102 F. and a pulse rate of 132 per minute. Tiere 
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were bronchovesicular breath sounds and bron- 
chophoxy in the paravertebral region of the base of 
the leit lung. No rales were heard. The apex beat 
was ou ide the left nipple line in the fifth intercostal 
space. | he area of cardiac dullness was enlarged to 
the le’ The heart was rapid but regular. The aortic 
secon -ound was louder than the pulmonic second 
sound. {here was a pericardial friction rub, heard 
best w the left sternal border. The blood pres- 
sure os 115/80 in the right arm with the patient 
yecunt ont. The liver and spleen were not palpable. 
There was no ascites or edema. An x-ray film of 
the chest showed clear lung fields. The cardiac 
shadow was enlarged (transverse diameter 17 cm.). 
There was a leucocytosis (12,200 cells per cu. mm. 
of blood) with 71 per cent neutrophils. The sedi- 
mentation rate was 87 mm. per hour (Westergren). 
The electrocardiogram showed a flat T wave in 
Lead 1, a low T wave in Leads II and IV, and a 
low, diphasie T wave in Lead III. There was slight 
elevetion of the RS-T segment in Lead III. Reac- 
tion to a skin test with second test strength purified 
protein derivative tuberculin was 3+ in forty-eight 
hours. The tentative diagnosis of tuberculous peri- 
carditis which was made was strengthened in the 
ensuing six months by the development of pleural 
effusions. Several thoracenteses were performed but 
Mycobacterium tuberculosis could not be recovered 
from the fluid by guinea pig inoculations. 

Beginning on November 27, 1947, the patient was 
treated, for four months with 1.0 Gm. of streptomycin 
daily. During this time it was noted that his heart 
size heeame normal and the friction rub disappeared, 
but the heart sounds became distant, the pulse 
pressture narrowed to 100/80, a paradoxic pulse ap- 
peared, and the liver became enlarged. Low voltage 
developed in all leads of the electrocardiogram (in- 
cluding the precordial leads). The venous pressure 
rose to 17.5 em. of water and the circulation times 
for Decholin and ether became 32 seconds and 22 
seconds respectively. Pleural fluid reaccumulated 
after thoracenteses. By December, 1947, it had be- 
come evident that the patient had developed con- 
strictive pericarditis. Although the question of per- 
forming pericardiectomy was considered at that 
time, it was postponed because of the likelihood of 
active tuberculosis of the pericardium and pleura. 
By the latter part of April, 1948, it was apparent 
that the obstruction to blood flow was progressive 
and could not be improved by anything short of 
removal of the constriction about the heart. For 
this reason, pericardiectomy was performed on May 
19, 1948, by Dr. Emile Holman. 

Ovrative Procedure. Anesthesia was induced with 
cyclopropane. A curved incision was made over the 
ster im and epigastrium. The sternum was split up 
the conter to the level of the second intercostal space 
and ‘hen transected at this level. The pleura was 
free’: trom the under surface of the sternum by blunt 
diss. tion and the sternum was spread by rib 


oD 


spreaders. Inspection showed a very quiet heart with 
minimal pulsations. The pleura was freed laterally 
on both sides of the pericardium. During this pro- 
cedure, both pleural cavities were entered. The left 
was closed by sutures, but the right was left open 
to expose the base of the heart. The pericardium was 
incised and pericardial effusion under pressure was 
found. The fluid was aspirated. The incision was ex- 
tended and showed a pericardium varying from 3 
mm. to 1 em. in thickness. Fibrous, granular ma- 
terial was present on the heart and pericardium. 
There were several tubercles in the pericardium, 
which was loosely adherent to the heart at the apex 
and along the venae cavae and other great vessels. 
By careful blunt and sharp dissection the pericardium 
was freed, exposing the pulmonary artery, the aorta, 
and both venae cavae. Around the venae cavae 
there were fibrous constrictions due to pericardial 
thickening. On freeing the pericardium around these 
vessels, the pulsations of the heart were noted to 
increase in amplitude and the patient’s blood pres- 
sure rose slightly. It was noted that there was still 
some restriction of the heart due to epicardial thick- 
ening. The epicardium was incised and dissected 
away from part of the anterior surface of the right 
auricle and right ventricle. The danger of pene- 
trating the heart was considered so great that further 
peeling was not attempted. At this point direct elec- 
trocardiographic leads were taken from the exposed 
surface of the heart. A mushroom catheter was then 
placed in the right pleural cavity. Two grams of 
streptomycin and 200,000 units of penicillin dis- 
solved in 100 ce. of saline were placed in the opera- 
tive site. The incision was closed, the lungs were re- 
expanded, and the patient was returned to the ward 
with a pulse rate of 90 per minute and a blood 
pressure of 110/70. During the operation he received 
intravenously 500 cc. of blood and 1000 ee. of 5 per 
cent glucose in normal saline. — 

Before induction of anesthesia the pulse rate was 
110 per minute and the blood pressure was 90/70. 
During induction, the pulse rate rose to 120 per 
minute and the blood pressure fell to an imper- ° 
ceptible level. During most of the operation, which 
lasted three hours and ten minutes, the pulse rate 
remained 100 per minute and the blood pressure 
varied between 60/50 and 110/70. Respiration was 
maintained by means of the breathing bag during 
the two hours and thirty minutes that the chest was 
open. No irregularity of heart action was noted at 
any time and removal of the adherent pericardium 
and epicardium by blunt and sharp dissection caused 
no notable variation in cardiac rate or rhythm. 

Pathologic examination of the excised pericardium 
showed “chronic granulomatous pericarditis con- 
sistent with tuberculosis.” Mycobacterium tubercu- 
losis was found in the fluid aspirated at operation 
by guinea pig incculation. 
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Technic of Direct Electrocardiography. All 
leads were taken by Wilson’s technic, making 
the exploratory lead positive and the indiffer- 
ent lead negative. The indifferent lead was from 
Wilson’s central terminal connected to the right 
arm, left arm, and left leg with 5000 ohms re- 
sistance in each limb.’ The standardization 
was 10 mm. equals | millivolt in all tracings. 
The instrument used was a Sanborn “‘Cardiette”’ 
of the photographic type. 

The precordial leads were taken in the rou- 
tine manner while the patient was undergoing 
inhalation anesthesia on the operating table. 
The direct leads were taken by means of a 
sterilized standard precordial electrode held 
against the designated sites on the surface of 


Although we realize that a metallic electrode 
placed directly against the heart might « n- 
ceivably give rise to injury potentials © \th 
changes in the QRS-T complexes, there i 
evidence that such distortion occurred in ‘his 
experiment and so far as we know, a stan: ‘rd 
precordial electrode has not been used »re- 
viously in obtaining direct leads from the hu- 
man heart. 


Analysis of Direct Leads (Fig. 2) 


Lead D,. As shown in the right half of fizure 
1, this lead was taken from the anterior sur- 
face of the right auricle. The most prominent 
deflection is that of the P wave. After a \ery 
tiny upstroke there is a deep downward de- 


Fic. 1.—Diagrams showing points from which precordial and epicardial (direct) leads were ob 
tained. Left: Precordial leads (preoperative); Right: Epicardial leads (immediately after peri 


eardiectomy ). 


the heart by the surgeon after the adherent 
pericardium had been completely dissected 
from the heart over its anterior surface. Only 
four direct leads were taken because the pa- 
tient’s pulse rate was high and his blood 
pressure was low during the entire operation 
and the surgical team was anxious to complete 
the operation and terminate anesthesia. Con- 
sidering the vigorous movement of the denuded 
heart and the difficulty of exerting firm, even 
pressure against it, the base line was quite 
steady and the complexes were remarkably 
clear and similar in contour. In spite of nu- 
merous pieces of alternating-current electrical 
equipment in the operating room, no alter- 
nating-current artefact is seen in the direct 
leads, although it can be noted in the pre- 
cordial leads. 


flection which does not return sharply to the 
base line, but slurs upward throughout the last 
half of its duration. This creates the impression 
of a depressed ‘*P-PQ junction,” if such a term 
‘an be used in a sense analogous to that of 
the S-ST junction (J). Since the tuberculous 
infective process involved the auricles as well 
as the ventricles in our patient, the question 
arose whether this had the significance of an 
auricular ‘‘current of injury” analogous to an 
RS-T segment deviation in relation to the ven- 
tricles. In leads taken by Nylin and Crafoord! 
from the pericardium overlying a presumal)ly 
normal right auricle, the P waves were sh:'p 
in contour and the P-R segments were isoel:«’- 
tric. Abramson, Fenichel, and Shookhoff* hs ¢ 
suggested that deviation of the P-Q inter: al 
in auricular infarction is analogous to the «c- 
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No comparable 
precordial lead 


No comparable 
epicardial lead 


5-12-48 


STANDARDIZATION: !Omm. = 1.0 millivolt 


Fic. 2.—Precordial and epicardial (direct) electrocardiograms. (Left and right columns corre- 
spond to left and right diagrams in figure 1.) 


m of the RS-T interval which occurs in 
icular ischemia. 

Some doubt, however, is cast on this inter- 
pret.tion by the esophageal lead studies of 
Bro..n.® He found a depressed P-R segment or 
sluved ascending limb of the auricular QS 


wave in leads taken near the left atrium of 
normal subjects. 

The QRS complex consists of a prominent 
initial Q wave, a small R wave, and an § 
wave. The peak of the R wave is 0.04 second 
from the onset of the Q wave and indicates the 
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time of arrival of the wave of excitation at the 
nearby base of the right ventricle. The T wave 
is diphasic. 

Lead D»,. This lead was taken from the lower 
portion of the anterior auriculoventricular sul- 
cus. The P wave is somewhat less prominent 
and consists of a downward deflection. The 
same slurring of the upstroke is again present 
and has the same questionable significance as 
in D,. The QRS complex consists entirely of a 
downward deflection which is notched at the 
bottom. The absence of a definite R wave prob- 
ably indicates that the electrode is receiving a 
vector force mainly from the inside of the 
ventricular cup. The peak of the upward notch 
is 0.04 second from the beginning of the down- 
ward deflection, corresponding to the peak of 
the R wave in D,, and thus probably indicates 
the activation time of the adjacent right ven- 
tricle. The T wave appears to be diphasic. 
The amplitude of the P wave is + millimeters. 
The amplitude of the QS wave is 7 millimeters. 

Lead D;. This lead was taken from the cen- 
tral portion of the anterior surface of the right 
ventricle (fig. 1). The P wave is distinct but 
much less prominent than in D, and Ds.. It 
consists entirely of a downward deflection with 
the slurring still present on the upstroke, re- 
sembling, in this respect, the P wave in the 
preceding two leads. The QRS complex con- 
sists of a tiny upward deflection followed by a 
deep S wave. The upward deflection probably 
represents septal activation; no positive deflec- 
tion suggestive of activation of the adjacent 
free ventricular wall can be seen. The T wave 
is slightly but definitely inverted in this lead. 
The amplitude of the S wave is 23 to 25 milli- 
meters. The depth of the T wave is 1 to 2 
millimeters. 

Lead D,. To obtain this lead the electrode 
was placed upon the anterior surface of the 
left ventricle as near the apex as was mechani- 
‘ally possible. A definite P wave cannot be 
made out, but there is an upward deflection 
preceding the QRS complex. This corresponds 
in position to the upward, slurred portion of 
the P-PR complex in the preceding three direct 
leads. The QRS complex consists of a tall R 
wave and a distinct S wave. The peak of the 
R wave follows the onset of the upward de- 


flection by 0.05 second. The total duration of 
the QRS complex it 0.09 second. The S-l’ seg. 
ment is isoelectric. The T wave is deeply jp. 


verted in this lead. The amplitude of the p 
wave is 24 millimeters. The amplitude of the 
S wave is 4 millimeters. The depth of the T 
wave is 13 millimeters. 


Comparison of Direct and Precordial Leuds 


It can be seen by reference to figure | that 
D. corresponds in position to V\, Ds corre. 
sponds to V2, and D, corresponds to V4. There 
is no precordial lead taken at a point similar 
to D, and no direct lead taken at a_ point 
similar to V3. Since the auricles have a much 
smaller muscle mass than the ventricles and 
are further from the chest wall, a comparable 
precordial lead cannot be obtained from any 
point on the precordium. 

V, bears a general resemblance to D.. The 
P wave is downward in both. The QRS com- 
plex consists of a QS wave only in both. The 
T wave in V;, is flat rather than diphasic as in 
D.. Finer points of the P and QRS complexes 
‘cannot be made out in the precordial lead be- 
cause of low amplitude. 

V2 is similar to D; in that the P wave and 
major QRS deflection are downward in both. 
Details of the P wave cannot be made out in 
V2. The tiny initial upward swing of the QRS 
in Ds; is not seen in V2, and there is a tiny final 
upward deflection in the latter. The T wave in 
V2 is flat rather than inverted as in D3. 

V, is similar to D, in contour. The P wave 
cannot be defined in either but there is a small 
upward swing in V, preceding the QRS com- 
plex at about the same interval as the similar 
deflection in D,. The major deflection in both 
is the R wave and a smaller 8 wave is present 
in both. The RS-T segment is isoelectric in 
both leads. The T wave is inverted in both. 
The ventricular activation time is 0.04 second 
in both leads. In proportion to the R wave, the 
S in V, is deeper than the S in Dy. The depth 
of the T wave in Vj is less in comparisen to 
the R wave than it is in D,. 


Discussion 


In general, the following similarities are 
noted: the QRS complexes in D2, Ds, Vi. and 
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\. ave all of right-ventricular type. Dy and V4 
are |eft ventricular in type but there is an S 
wave in both and no Q wave is present in 
either. In the ease of Dy, we know that the 
lead is entirely from the left ventricle. The 
absence of the septal Q wave may be due to 
end-on vector forces from the septum. The 
grea'er amplitude of all complexes in the direct 
lead- is expected because of their proximity to 
the .ctivated muscle mass. 

The T-wave inversion, noted in the pre- 
cordial leads preoperatively, is seen in the leads 
taken directly from the surface of the heart at 
operation. This inversion is taken as electro- 
cardiographie evidence of pericarditis, but the 
direct leads substantiate the view that the in- 
version is not due to changes in the pericar- 
dium. Even the epicardium was absent at the 
site of Ds and an inverted T wave is present. 
There can be little doubt that the abnormal 
process of repolarization is a function of 
damaged myocardium. 

The correlation of direct and precordial leads 
in dogs is well established. Our findings con- 
firm the close relationship in the human being. 
The minor differences between the direct and 
precordial leads are due, no doubt, to the in- 
fluence of other portions of the myocardium 
on the leads more distant from the heart and 
to the intervening tissue. It is apparent, how- 
ever, that the precordial leads are a semidirect 
approach to the study of excitation currents in 
the human heart as they are in the dog heart. 


SUMMARY 


1. Direct leads were taken from a human 
heart widely exposed at surgery. 


2. The direct leads, except for the markedly 


increased amplitude of all complexes, are gen- 
erally similar to the V leads corresponding in 
position. 

3. The inverted T waves, taken as evidence 
of “pericarditis” are due to changes in the 
underlying myocardium. 
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Electrocardiographic Changes in a Case of 
Left Ventricular and Septal Hypertrophy 


Resembling Anterior Myocardial Infarction 


By Aaron BuRLAMAQUI BENCHIMOL, M.D., AND PAUL SCHLESINGER, M.D. 
Y 


In certain instances of left ventricular hypertrophy, deep Q waves observed in the precordial elec- 
trocardiogram may resemble those of anterior myocardial infarction. Such a case is reported in a 
patient with syphilitic aortic insufficiency. Pathologic examination ruled out the diagnosis of infare- 
tion and revealed marked hypertrophy of left ventricular wall and the interventricular septum. 
The latter was of unusual degree and was probably responsible for the presence of large Q waves 
in precordial leads representing, the normal activation of the upper part of the interventricular 
septum which in cases of septal hypertrophy presumably originates a vector of greater magnitude 


HE PRESENCE of essentially negative 
QRS complexes displaying a QS con- 
figuration in right precordial unipolar 
leads has been observed in patients with un- 
complicated left ventricular hypertrophy'; the 
absence of an initial r wave probably indicates 
a neutralization of the normal positivity in 
these leads by contralateral potential variations 
of greater magnitude owing to activation of 
the free wall of the enlarged left ventricle. 
These changes are frequently indistinguish- 
able from those due to a healed anteroseptal 
infarction, particularly in the absence of a 
positive clinical history or of serial tracings 
showing the characteristic RS-T and T-wave 
changes during the acute and subacute stages 
of coronary occlusion. In leads from the left 
side of the precordium, Q waves are usually 
recorded and are due to early activation of 
the interventricular septum from left to right; 
the presence of these deflections may occasion- 
ally give rise to a problem of differential diag- 
nosis, anterolateral infarctions being suspected 
particularly when the Q waves are abnormally 
large. Wilson and associates! have pointed out 
that the R-wave amplitude decrease, or dis- 
appearance of this deflection as the exploring 
electrode is moved from the right to the left 
side of the precordium, may be considered 
From the Hospital Servidores do Estado and the 
Fifth Medical Clinic, National Faculty of Medicine, 
Service of Professor L. Capriglione, Hospital Mon- 
corvo Filho, Rio de Janeiro, Brazil. 


as more reliable criteria for the electrocardio- 
graphic diagnosis of anteroseptal infarction 
than is the complete absence of R waves in 
all right precordial leads. 

In a study of the electrocardiographic and 
pathologic findings in 20 patients with antero- 
septal infarction, Myers, Klein, and Stofer® 
observed 8 subjects whose electrocardiograms 
showed an initial R wave of normal amplitude 
in Lead V; and abnormal QRS complexes of 
the QR or QS type in one or more of the 
following three precordial leads; in 5 patients 
all leads from the right side of the precordium 
displayed essentially negative QRS deflections. 
Although definitely abnormal Q waves were 
not found in Leads V; and Vz, there were 
two instances in which the amplitude of the 
initial negative deflection in these leads was 
at the upper limit of normal. This configura- 
tion was regarded as the transmission of the 
potential variations of the anteroseptal infarct 
to the left axilla due to marked clockwise 
rotation of the heart. 

In addition to the absence of R waves in 
Leads V,; to V4 which occurs quite frequently 
in patients with marked left ventricular hyper- 
trophy, we have observed several instances 
in which an initial upstroke was presen! in 
Lead V, and decreased in amplitude as the 
exploring electrode was moved from this !:ad 
to V4; in occasional tracings, deep Q w: ves 
were recorded in Leads V; and Vz. In a recent 
publication, Quintiliano de Mesquita® rep 
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a case of marked left ventricular hypertrophy 
wit!) large Q waves in Lead CF, in which the 
abnormal configuration was interpreted not as 
an evidence of myocardial infarction but as 
ti nsition complex associated with an intra- 
yen vieular conduction defect although patho- 
logic examination was not obtained. 

A definite diagnosis is often difficult to estab- 
lish in these cases particularly in the absence 
of 2 positive clinical history; although the pres- 
ence of infaretion was considered highly im- 
probable in our cases, its possibility could not 
be excluded merely on a clinical basis, particu- 
larly since all electrocardiographic criteria for 
the diagnosis of old anterior infarction in pre- 
cordial leads were observed. 

In a patient with aortic insufficiency and 
marked left ventricular hypertrophy who has 
recently come under our observation, the elec- 
trocardiogram was extremely suggestive of an- 
terior myocardial infarction in view of the 
decrease in amplitude of the R wave from V; 
to V, in addition to the presence of an abnor- 
mally large Q wave in Lead Vg. Since no evidence 
of myocardial infarction could be demonstrated 
at autopsy despite a careful pathologic exami- 
nation, a report of this case was considered 
to be of interest, from the electrocardiographic 
standpoint, investigating the possibility of in- 
terpreting the QRS changes in precordial leads 
as due to left ventricular and septal hyper- 
trophy. It is our object in this article to suggest 
caution in the electrocardiographic diagnosis 
of anterior myocardial infarction in certain 
patients with left ventricular hypertrophy. Al- 
though such electrocardiographic patterns do 
not seem to be of frequent occurrence in these 
patients, Myers and collaborators? have re- 
cenily emphasized the difficulty in the inter- 
preiation of tracings showing respiratory vari- 
ations in the configuration of the QRS 
coniplexes in precordial leads simulating those 
due to anteroseptal infarction; furthermore, 
a jitient is mentioned, who as yet has not 


ben reported, whose electrocardiogram showed 
an initial R and a deep S wave in Leads 
V; and V. and a Q wave varying from 2 to 
Siim. in Lead V4, followed by an R deflection 
wl ch also varied in amplitude.. Autopsy re- 


vealed both left and right ventricular hyper- 
trophy but no evidence of infarction. 


Case Report 


S. S. V., a 47 year old Negro mechanic with 
syphilitic aortic insufficiency, was admitted to the 
hospital on August 16, 1948, with advanced con- 
gestive heart failure. He had been in good health 
until three years prior to admission when he first 


Fic. 1.—Teleroentgenogram of the chest showing 
marked cardiac enlargement predominantly of the 
left ventricle and increased hilar markings. 


noticed dyspnea on exertion, orthopnea, palpita- 
tion, and ankle edema which later became gener- 
alized. Since that time he complained of constant 
pain in the left lower portion of his back and in the 
lumbar region. He was treated by a local physician 
and obtained relief from these symptoms which had 
recently recurred. At the age of 26 years, he con- 
tracted gonorrhea, but denied ever having had a 
chancre, although reactions to serologic tests for 
syphilis had been repeatedly positive in spite of anti- 
syphilitic therapy. 

Admission examination revealed a severely dysp- 
neic patient with Cheyne-Stokes respiration and long 
periods of apnea during which the patient became 
markedly agitated. There were typical signs of 
aortic regurgitation, including an average blood 
pressure reading of 240/40 with marked fluctuations 
to the extremes of 300 systolic and 0 diastolic levels. 
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Fic. 2.—Electrocardiogram made shortly after the patient’s admission showing auricular fibrilla 
tion with a slightly irregular ventricular rate of 107 per minute. Precordial leads taken at half normal 
sensitivity revealed left ventricular hypertrophy in addition to a decrease in amplitude of the R wave 
in Leads V; to V; and a deep Q wave in Lead Vs. The RS-T segment is elevated in Leads V,; and 
V; and depressed in Lead V;. The tracing is diagnostic of left ventricular hypertrophy and suggestive 
of anterior myocardial infarction and digitalis effect. 


The heart was enlarged and a gallop rhythm was 
audible. The rate was 104 per minute, and the rhythm 
was slightly irregular. The liver was enlarged and 
tender to palpation. Rales were present at both 
lung bases. There was generalized edema. 


Laboratory studies showed the following: Pos'tive 
serologic reactions (to Kahn and Kline test 
moderate amount of albumin in the urine, th 
cific gravity of which was 1.012; blood urea va 
70 mg. per 100 ce.; creatinine value of 1.3 mg 
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100 cc. 16,750 white blood cells per cu. mm. of 
blood, vith 92 per cent neutrophils; total serum pro- 
tein o! .1 grams per 100 ce., with 3.54 grams al- 
bumin. 2.56 grams globulin, and an index of 1.3; x- 
ray fil of the chest obtained on April 28, 1948, in 
the oul patient department (fig. 1) showing marked 
cardia: enlargement particularly of the left ventricle 
in ade tion to a dilatation of the aorta. Diffuse 
athereiatosis of the abdominal aorta was demon- 
strate. radiologically with no evidence of erosion of 
the lover thoracic or lumbar vertebral bodies. An 
electro ardiogram made shortly after admission (fig. 
2) showed auricular fibrillation with a slightly irregu- 


i Aint 
Hasna 
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Fic. 3.—Pathologie specimen showing a trans- 
verse section of the heart which reveals a marked 
degree of left ventricular hypertrophy in addition 
toa greatly thickened interventricular septum which 
bulges into and reduces the capacity of the right ven- 
tricle. VE = left ventricle; VD = right ventricle 


lar ventricular rate of 107 per minute, slurred QRS 
complexes, and signs of marked left ventricular 
hypertrophy in precordial leads. There was a de- 
crease in the size of the R wave from V; to V; and 
a deep Q deflection in Lead Vs. The RS-T segment 
was clevated in Leads V; and V; and depressed in 
Lead V;. The tracing was strongly suggestive of 
anterior myocardial infaretion mainly in view of the 
charavteristie QRS changes, since the alterations in 
RS-T segment and T waves could be attributed, at 
least partially, to the effects of digitalis. High pre- 
cordi:! leads were essentially similar to those ob- 
tainc’ at the usual levels. It is likewise conceivable 
that ncomplete left bundle branch block could be 
indicted in this tracing notwithstanding the pres- 
ence of a deep Q wave in Lead Vz and a smaller 
initi:| negative deflection in Lead V;, which, accord- 
ing ‘» Sodi-Pallares,! could be explained by the 
locat on of the block below the origin of the initial 
vect.” of septal activation. In one electrocardio- 


fe 


gram this type of block was suggested by the con- 
figuration of Lead I showing a slurred upstroke of 
the R wave which is strikingly similar to the tracings 
obtained experimentally by Sodi-Pallares and co- 
workers. 

A progressively downward course was observed 
in spite of intensive therapy consisting of cardio- 
tonic drugs, diuretics, and sedatives. The patient 
died five days after an episode of pulmonary em- 
bolism following a shocklike condition associated 
with an irregular cardiac rhythm. The electrocardio- 


Fic. 4.—Histologie section showing the normal 
aspect of the myocardial fibers. Essentially similar 
sections were obtained at other points such as the 
interventricular septum, the cardiac apex, and the 
anterior wall of the left ventricle. 

® 
gram recorded a half hour before death showed a 
return to sinus rhythm with periods of bradycardia 
alternating with sinus tachycardia and partial A-V 
block with sinus depression. 

Pathologic examination by Dr. Penna de Azevedo 
revealed the following: Syphilitic aortitis, syphilitic 
aortic valvulitis with deformity of the valves, aneu- 
rysmal dilatation of the thoracic aorta, edema and 
passive hyperemia with hemorrhagic infarcts in both 
lungs, cardiac hypertrophy, bilateral healed renal 
infarcts with atrophy of the kidneys, moderate 
ascites, and chronic bilateral fibrous pleuritis. The 
heart measured 13.5 by 7.5 by 8.0 centimeters. The 
left chambers showed a greatly increased capacity. 
The right ventricular chamber was markedly de- 
creased in size and the extremely hypertrophied 
(25 mm.) interventricular septum bulged into the 
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cavity of the right ventricle (fig. 3). The inner aspect 
of the aorta showed marked irregularities due to 
yellowish plaques, some of which were calcified, al- 
ternating with large areas of tissue retraction. The 
coronary arteries were patent throughout. The myo- 
‘ardium was of firm consistency and of a dark red 
color with no apparent increase of fibrous tissue. 

The wall of the left ventricle measured 26 mm. 
from endocardium to epicardium. Just above the 
diaphragm in the thoracic cavity there was an 
aneurysmal dilatation, 7.5 by 5.5 em., to the left of 
the aorta with which it communicated through an 
orifice 2 cm. in diameter; the renal arteries were seen 
to emerge immediately below the aneurysm. 

A number of histologic sections of the myocardium 
were made (fig. 4), particularly from those areas 
where the electrocardiogram suggested the possi- 
bility of infarction; no evidence of this type of lesion 
in its acute or chronic stage could be found. 


DiscussION 

Since the electrocardiographic diagnosis of 
myocardial infarction was not confirmed at 
autopsy there did not seem to be a correlation 
between the tracings and the pathologic find- 
ings in this case. 

The possibility of a very recent infarct in 
which the electrocardiographic changes may 
precede the histologic lesions in the myocar- 
dium as shown by Blumgart and associates,® 
and confirmed clinically by others,? was dis- 
‘arded in this patient, since not only were the 
coronary arteries found to be patent at autopsy 
but also because the patient died seven days 
after the tracings were obtained, a period of 
sufficient length for pathologic changes to 
occur. 

The finding at autopsy of an extremely thick- 
ened interventricular septum bulging into the 
right ventricular cavity (anatomic stage of 
Bernheim’s syndrome) suggested the possibility 
that the initial activation of the upper part 
of the hypertrophied septum could originate 
a septal vector of greater magnitude than that 
of the normal Q wave. According to this inter- 
pretation, the deen Q waves recorded in the 
left precordial leads in this case reflect early 
activation from left to right of the interventric- 
ular septum such as occurs in normal individ- 
uals although of greater voltage owing to septal 
hypertrophy. 

The decrease in the amplitude of the R 
wave from Leads V; to Vs; is more difficult 
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to explain according to the foregoing inter. 
pretation. 

Several other explanations may be «fered 
for the presence of abnormal Q waves in left 
precordial leads in the absence of infarction, 
Among these is the possibility that the QR 
complexes represent mixed cavity and epi- 
‘ardial potentials recorded in these leads as 
a result of cardiac rotation. 


SUMMARY AND CONCLUSIONS 


A case history is presented of a pu:tient, 
with syphilitic aortic insufficiency and marked 
left ventricular hypertrophy, in whom the elee- 
trocardiogram was extremely, suggestive of 
anterior myocardial infarction which was not 
found to be present at autopsy. Pathologic 
examination revealed marked hypertrophy of 
the left ventricle in addition to great enlarge- 
ment of the interventricular septum which 
bulged into the right ventricular cavity redue- 
ing the capacity of this chamber. 

It is suggested that septal forces from left 
to right of great magnitude could presumably 
explain the electrocardiographie findings in the 
absence of infarction. 

On the basis of this case and previous ones 
without pathologic basis, the authors suggest 
‘aution in the electrocardiographic diagnosis 
of anterior myocardial infarction in the pres- 
ence of marked left ventricular hypertrophy, 
particularly in patients with a negative clinical 
history. 
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Aids for Determining Magnitude and Direction 
of Electric Axes of the Electrocardiogram 


By Cuarues EF. Jackson, Carrarn, M.C., U.S.A., AND Travis Winsor, M.D. 


ibles are presented which serve to facilitate the determination of magnitudes and directions 

the electrical axes of various waves and segments of the electrocardiogram (P, QRS, RS-T, T 

il G). The tables may be used with the standard or unipolar limb leads. Normal values for the 
»agnitudes and directions of certain vectors are presented. 


N 1913, Einthoven, Fahr, and de Waart! 
described the method for determining the 
electric axes of the electrocardiogram. Wil- 

son, MacLeod, Barker, and Johnston? described 
the index of the ventricular gradient which 
necessitated the calculation of the magnitude 
and direction of these axes. Ashman and his 
group’? and Bayley* have extended our knowl- 
edge concerning the relationship between the 
various electric axes of the heart (P, QRS, 
initial portion of QRS, RS-T, T and G). It is 
the purpose of this report to present tables and 
a chart which facilitate the determination of 
the magnitude and direction of these axes. 

The tables were developed (tables 1-4) by 
the use of a mechanical triaxial reference sys- 
tem and were checked using the formula for 

: 2e3 + €1 , ‘ 
direction: tangent angle alpha = . The 

e) V3 
magnitudes were determined using the formula: 
E= ——_. 

cosine alpha 
further checked by utilizing figure 1. 

The magnitudes and directions are deter- 
mined from the tables, using either the amp- 
litudes in millimeters or tenths of millivolts, 
or areas in microvolt seconds or 4 microvolt 
secon! units. Leads I and III are employed 
inthe determinations. To determine the electric 
axes rom the unipolar limb leads, V;, should 
be substituted for Lead I and Vy, for Lead 


1 The values obtained were 
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III. Thirty degrees are subtracted algebraically 
from the angle obtained. The magnitude may 
be multiplied by 1.732 to obtain a magnitude 
comparable to that obtained from the standard 
limb leads.? For determining the magnitude 
and direction of the augmented unipolar leads, 
aV; is substituted for Lead I and aV, for 
Lead III. Thirty degrees is also subtracted 
algebraically. The magnitude in this case must 


mO« 


1.732 , ; 
Ls to obtain magnitudes 
o 


comparable to those obtained with the standard 
limb leads. 

An alternative method for using the tables 
with curves of unipolar leads is to subtract 
Vr from Vy, to obtain the value of Lead I 
and subtract V;, from V» for the value of Lead 
III using the tables as suggested for the stand- 
ard limb leads with no further correction. Sim- 
ilarly with the augmented unipolar leads, two- 
thirds of the value of aVp is subtracted from 
two-thirds of the value of aV;, to obtain Lead 
I and two-thirds of the value of aVy, is sub- 
tracted from twe-thirds the value of aVy to 
obtain the value for Lead III using the tables 
as with the standard limb leads without further 
correction. 

Figure 1 is employed with potentials ob- 
tained from Lead I and Lead III, using either 
amplitudes or areas. To employ the chart using 
amplitudes, the algebraic sum of the positive 
and negative waves in Lead I is plotted on 
the Lead I line. A similar procedure is carried 
out with Lead III. The lines perpendicular 
to the lead line at these points are followed 
to their intersection. The direction is found 
by connecting the center of the system with 
this intersection. The circle passing through 


be multiplied by 
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this point gives the magnitude. To determine 








from the chart, V; should be substituted for Sa a a ail Ala 
, » sone Ss case Ss e » Vv 
Lead I and V> for Lead III. Thirty degrees ' 


is subtracted algebraically from this angle. 

















TaBLeE 1.—Magnitude and Direction of Electric Axis when Lead I Is Positive and Lead IIT Positi: 
LEAD TFT 


0.0 40.5 +1.0 41.5 +20 42.5 +3.0 +3.5 +40 44.5 +5.0 +6.0 +7.0 +80 +9,0+10.0 +I1.0 +12.0 +13.0 +14.0 +15.0 +20.0 
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for Lead I and aVy for Lead IIT. Thirty dogrees 
the electric axes from the unipolar limb leads is also subtracted algebraically. The maguitude 
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obtain magnitudes comparable to those ob. 
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tained from the standard limb leads. The al- 


to obtain a magnitude comparable to that ternative method suggested for the unipolar 
obtained from the standard limb leads. For and augmented unipolar leads in ihe prece:!ing 
determining the magnitude and direction of paragraph may also be used with the chit. 


the augmented limb leads, aVj, is substituted Normal values for the mean manifest ele«' ric 
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of the P wave as determined from areas in 
normal children, between 3 months and 10 
years of age, averages 1.6 units and varies 
between 0.8 and 3.4.!' The magnitude of the 
mean electric axis of the QRS complex for 


ive been published by Wilson and col- 
ors? Bayley,’ Ashman and associates,>~7 
ickermann.!° The normal values cited 
e authors have been obtained on rela- 
few patients and differ somewhat from 
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BLE 2.—Magnitude and Direction of Electric Axis when Lead I Is Positive and Lead III Is Negative 
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between these axes are known at the present 
time. Normally, the mean electric axis of the 
QRS complex is approximately one-half of the 
magnitude of the gradient with considerable 
variation. The gradient ordinarily lies less than 


The use of these axes, particularly the yep. 
tricular gradient, is sometimes important jy 
revealing abnormalities in the electroc: rdio. 
gram, in determining the degree of digi‘ jlizg- 
tion, in showing types of rotational di-turb. 
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ances, in detecting areas of myocardial ischemia, 
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of auricular or ventricular strain. In gen 
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tion Wich tends toward that of a line drawn 
jrom ‘ie ischemic region (where the average 
duration of the excited state is greatest) to 
the ccntroid of the involved ventricle. With 
moderite grades of apical ischemia the direc- 
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growth and rotation of the mean electric axis 
of the QRS complex to the left with respect 
to the anatomic axis. With right ventricular 
strain there is often growth and rotation of 
the mean electric axis of the QRS complex 


\BLE 4.—Magnitude and Direction of Electric Axis when Lead I Is Negative and Lead IIT Positive 


LEAD I 
0.0 -0.5 -l0 -15 -20 -25 -30 -35 40 45 -50 -60 -10 -80 -20-I0.0 -110 -120 -13.0 -14.0 -15.0 -20.0 


06 1e2 Le? 203 209 = 305 te he Se? 508 


669 8el 92 10h 11.65 12.7 13.9, 15.0 16.2 17.3 23.1 0.0 


150° -150° =150° ~150° =150° =150° -150° =150° ~150° =150° =150° =150° =150° =150° =150° =150° -150° ~1500 -150° ~1500 -150° 


06 = 160 165 21 206 362 308 eh beD 505 


607, 768 9.0 10.1 1163 1265 1366 1he7, 15.9 17.0 22.9, +0.5 


150° _180P_~169° -161,9 -161° -159° ~1589 -157° -156° ~1550_-15L° -1549 -1539 -153° -153° -152° -152° -152° ~1520 -1520 -151 


1.0 1.2 " 200 205 30d 8306 =e? =e? = 50 


Goh 766 Be? = Ge9 Aled, 1262, 1343 MneS 1506 16.7 2265 +].0 


120° 150° 180° =173° -169° =166° =161,° -162° -161° -159° -158° -157° -156° -155° -155° 150 =1540 -15h9 -153° -153° 


20] 205 300365 40D eS 


603 Teh 805 Ge7 10.8 11.9 13.1 We? 16.6 22.3 415 


16L2 173° 180° -175° -172° -169° -1679 -16L° -162° ~160° ~159° -158° -157° -157° -156° -155° -15L° 


201 260 203, 206 «361 8305 Ue eS 50 


6.1 762 6863 905 10.6 11.7 14.0 16.3 2201 +2.0 


10L° 120° 150° 161° 169° 1759 180° -176° -173° -169° -166° -161,° -162° -161° -160° -158° PO 157° «155° 


206 265 205 206 209 8302 306 ete S500 


600 7.1 68.2 93 9 16.1, 2168 +75 


“9? 101 113° 127° 139° 150° 159° 166° 1727 176? 140° -17L° -171° -168° -166° -161,° ~163° ° ~160° -159° -157° 


305 Be? Bed 300 0d 302305 Bete? be 500 
90 ___99_109°_120® 13° 111° 150° 256° 164° 169°_173° 


leQ 30k 30 305305 306 30k te Bolt Se? Se 
oo? = 9FS 06° 125° 125° 13,9 12° 150° 157° 162° 167° 


$4.0 Web, el ee? Ue, He oO 42 el ued ie S03 
90? 979 009 122° 120° 128° 136° 143° 150° 156° 161° 


be? beh = bed eS tee? =e DS Sek 50S 
96° 102° 109% 116° 171° 132° 138? bb? 150° 155° 


S65 6.3. Si. $0. 50. SO. S32. 5.3. S55. 52 
95° 10171079 113° 120° 1279 133° 139° 145° 150° 


609 6.2 beh 643 Gel, 600 660 6.0 601 642, bol 
90° _9b° 99? 104° 109° 12° 120° 126° 131° 136° 141° 


N 
§ 
Q 
x 
\ 
N 


+1.0 8.1 7.8 oO Pot 7e2 Tod 700 7.0 7.0 7 702 


+80 Fe? GeO 8.7 85 83 8.2 6.1 8.0 8.0 8.0 8.1 
90° 93° 97° _100?_10u?_ 108° 1120 116° 1200 lake 124° 


+9,0 Web, 1C.2 9-2 9e7 9S Fe3 Go2 Gol GeO GeO GeO 
? 90° 93° 96 99° 162° 106° 109° 1130 116° 120° 1210 


‘2 
90? 9u° 96° 1029 306° 112° 115° 120° 125° 129° 131° 


6.0 7.0 8.1 G9e2 1003 lly 5 1306 lhe? 1509, 21.6 +3.0 
180° -175° -172° -169° -167° =165° -164° =163° -162° -161° -158° ©” 


600 760 8.0 Gel 10.2 1l)e} 12h 1305 beh 1507 lek 
17L° 160° -176° -173° -170° -168° -166° -165° -16° -163° -159° +3.5 


bel 760 8.0 9.0 1001, 126] 1202 1363 ley 1505 2le? 4, 
169° 175° 180° 176° =173° =271° =169° ~167° =166° ~165° =161° 4.0 


6.2. Tel 600 90 10,0 Ile] 12s) 13.2 be} Idk 21.0 445 
16L° 171° 176° 140° =177° -17h° -172° =-170° =168° -147° -1620  ” 


Ook 7o2 Bel GeO 10.0 11.0 12.1 136] lbe2 15.3 20.6 +5.0 
159° _1669_ 172° _ 176° 180° ~177° -17L° -172° -171° -169° -16L° ~~ 


6.9 7.6, Ge3 9e2 10.1 1100 12.0 13.0 1h.0 15-2 205 +60 Q 
150° 156° 161° 169° “175° “197° eo? 1770 <1}s0 -173° 160 TOO 


706, Sel 867 945 1003, Udo) 1261 13.0 Ue0 15.0 203 +79 y 
1h2°_150?_157° 162° 1679 171° 174° 177° 180° -1740 -170 


8.2 6.7 9.2 949 1006 lek 12.2 13,1 14.0 15.0 20-1, +90 
136° 143? 150° 156° 161° 165? 169 1729 1759 178° -173 


Go? GoS FoF Wel WoO le? 1205 1363 Ube2 15-1 20.0 +9.0 
131° 1380 140 1500 1550 1600 160 1670 1710 173° -177° ** 


#10,.024+5. 11-3 12.2 10.8 10.6 10.4 10.3 10.2 10.1 10,0 10,0 10.1. 10.3 10.6 11.0 11.5 12.2, 1209 1366 lhe 1563 20.0 +100 


90° 93° _ _95°__ 98° 10191089 107° 120° 123° 1279 1200 127° 133° 139° 145° 150° 155° 1599 1639 166° 1699 1800 


#1, 2707, 1265 1248 WF 1147, 1145, Wek 12.3, Lded Idol 11.0 1160 Wel del 117 1202, 1247 1343 IbeO Ibe? 1595 20.0 411.0 
90° 92° 95" 979 100° 103° 105° 108° 2229 124° 197° 123° 129° 135° 110° 1b5" 1500 15k 158° 1620 1650 177° © * 


#17.Q 1302, 1366 1342 1301 1209 1207 1205 12sh 1202 1201 12.1 12.0 1261 1242 125 1209 1363 1369, leS 1501, 1549, 2002, +170 
“90? 920 4,8 97° ~— 90 ca? 1049 106° 109° 112° 114° 120° 126° 1319 136° 1110 Wi6°_ 150° 15,0 158° 161° 173 . 


+13,0 1500 be? WeS Abed WeO 13.8 1366 1365 1363 1302 WF0d 1300 1360 13.1 1303 1306 LbeO 14.5 15.0 15.4 16.3 2003 +13,0 


90° 92? 912 96° 98° _100°_ 103° 105° 1070 110° 1)20 


11791230 1280 1330 1370 142° 146° 150° 1549 1570 1700 


+14.) 1602 1509 1506 Web Wel Le9 be? heb bel Abe? We2 WkeO We IbeO Ibe? keh Ibe7 Sel 15.6 16.2 16.8 20.5 +4.0 
90° 920 949 _9?_—98— 100° 1020 104 1060 108° 1219 115° 1209 125° 1290 134° 1380 1h2° 146° 150° 1530 1670 '* 


+5,0 17 


23 1700 16.7 16.6 1603 bel 1509, 1507 1525 Wel 1503 ISel 1500 15.0 1501 15.3 1565 1549 1603 16.8 1743 20.8 5.0 
90? 920 93095997 99° AM®_—:103°_1c5° 1079 109° 123° 128° 1229 127° 131° 135° 139° 13° 147° 150° 161° |'™ 


+10. , 2209 2265 2203 22.1 2166 2166 Ao 2le2 WO Web 20.5 2003 Bel 20.0 20.0 20.0 20.1 20.3 2.5 20.8 23-1, +700 


Nn" 93° 94,0 979 980 99° 1010 1020 101° 


107° 120° 123° 127° 120° 123° 127° 1300 1330 136° 150! 


0.0 -O5 -10 -1.5 -20 -25 -3.0 -35 -4.0 -45 -5.0 -6.0 -70 -80 -9.0 -I00 -I!.0 -12.0 -130 -4.0 -150 -20.0 


LEAD I 


tion of the gradient is toward the ischemic 
regio’ but the magnitude of the gradient is 
reduced. The magnitude of the gradient is 
large in ischemia at the base of the heart and 
small with ischemia at the apex of the heart. 
With left ventricular strain there is often 


to the right with respect to the anatomic axis 
of the heart. These rotational effects with hy- 
pertrophy are variable, however, and depend 
in large part upon the electrocardiographic posi- 
tion of the heart in the chest. For example, 
with left ventricular hypertrophy, Agrs may 
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rotate to the left, not at all, or to the right 
depe: ding upon whether the electrocardio- 
grapl¢ position of the heart is horizontal, 
intermediate, or vertical. 


SUMMARY 


Tables and a chart for the estimation of 
the magnitude and direction of the electric 
axes of the electrocardiogram are presented. 
The axes of the P wave, QRS complex, T wave, 
RS-T segment, and ventricular gradient may 
be determined, using either amplitudes in milli- 
meters or millivolts or areas in units or micro- 
volt seconds. Certain normal values for magni- 
tude «nd direction of these axes are presented. 
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Electrocardiographic Changes in Pulmonary 


Collapse Therapy 


II. Thoracoplasty and Phrenemphraxis 


By CHARLES SILVERBERG, M.D. AND Davip FELDMAN, M.D. 


The effect of thoracoplasty and phrenemphraxis upon the electrocardiographic pattern of tuber- 
culous patients was studied. Alteration in the size of QRS complexes resulted in variable changes 
in the mean electrical axis. Some alterations in T waves occurred in all leads, occasionally resulting 
in inversion of the T waves in Leads CF:, CF, and/or CF;. There was no pattern characteristic 


of any of the collapse procedures studied. 


N A PREVIOUS article! it was pointed 
out that in a tuberculosis sanatorium, as 
in any other medical institution, electro- 

cardiograms are often made for diagnostic rea- 
sons. Many of the patients will have been 
subjected to pulmonary collapse therapy, and 
it is important to be aware of any electro- 
cardiographic changes which may be caused 
by this collapse therapy, lest such changes 
be attributed to myocardial disease. For this 
reason an electrocardiographic study was made 
in patients undergoing pulmonary collapse 
therapy. 


MrtTHOD 


The method employed in this study has been 
described in our previous report, which dealt with 
findings in therapeutic pneumothorax.! Because of 
the removal of the ribs which constituted the land- 
marks for the placement of the precordial electrode 
in the C, and C; positions, difficulty arose in taking 
tracings on patients with left thoracoplasty. In such 
patients, position Car was determined, and this level 
was used in the placement of the electrode in the 
C, and C; positions on the left side. In patients with 
phrenic crush, diaphragmatic paralysis was verified 
fluoroscopically. All changes encountered in the post- 
collapse tracing were noted and tabulated, and are 
the basis for this report. A total of 35 cases was 
analyzed: 14 of left thoracoplasty, 9 of right thoraco- 
plasty, 6 of left phrenemphraxis and 6 of right phren- 
emphraxis. These cases were consecutive and un- 
selected. 


RESULTS AND DIscussION 


A tabulation of the changes encountered in 
each case may be found in table 1. Figure 1 


From the Medical Service, Robert Koch Hospital, 
Department of Public Welfare, St. Louis, Mo. 


shows representative electrocardiograms from 
a patient undergoing each type of collapse 
procedure. 

Everyone experienced in collapse therapy 
of pulmonary tuberculosis knows how regularly 
pulmonary collapse procedures are followed by 
shifts in the position of the heart. Positional 
changes of the heart have long been known 
to cause electrocardiographic alterations.’ It 
is therefore to be expected that pulmonary 
collapse procedures will be followed by electro- 
cardiographic changes. This work was under- 
taken for the purpose of studying these electro- 
cardiographic changes in a group of patients 
and to try to determine whether the electro- 
cardiographic changes would fall into any 
recognizable pattern which might be diagnostic 
of the particular collapse procedure and 
whether the changes were of a variety likely 
to be confused with those produced by myo- 
cardial disease. 

Other investigators have noted changes in 
the electrocardiogram following thoracoplasty 
and diaphragmatic paralysis.*~* Most of their 
reports dealt with limb leads only, being written 
prior to the time of the widespread use of 
precordial leads. As was our experience, these 
investigators found a variety of nonspecific 
changes following the collapse procedure, such 
as alterations in the size of various parts of 
the QRS complex, changes in the mean elec- 
trical axis of the QRS complex,‘:7 and T-wave 
changes, especially in Lead III.*-® 

In our cases of left and right thoracopla-\y 
and left and right phrenemphraxis, elect'0- 
cardiographic changes were frequent follow!g 
the collapse procedure, but were often very 
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slight in degree. The fact that many of the 
changes tabulated were so slight must be em- 
ph:-ized, because changes of the same order 
of siagnitude (in the limb leads) may be seen 
at 1:mes in serial electrocardiograms in tubercu- 
jou. individuals without collapse procedure.’ 
Frojuently there were changes in amplitude 
of various waves of the QRS complexes of the 
lim!) leads, leading to changes in the mean 
elecirical axis of the QRS complex. Usually 
this change was slight, but in a few instances 
(Patients H and W) it was rather pronounced. 
In right thoracoplasty and right diaphragmatic 
paralysis the axis shift showed a tendency to 
be toward the right, in left diaphragmatic 
paralysis the shift tended to be toward the 
left, and in left thoracoplasty there was no 
predominance in axis shift toward either right 
or left. Others have observed less consistent 
changes in the electrical axis.®: 7 

Changes in T waves in the limb leads were 
frequent but variable in direction, and usually 
of slight magnitude. There were a few patients 
who had a change in the direction of T;. In 
two patients with left thoracoplasty a pre- 
viously- inverted T; became upright, and in 
two patients (one with left thoracoplasty and 
one with right phrenemphraxis) a previously 
upright T; became inverted. 

In the chest leads, alterations of amplitude 
of various waves in the QRS complex were 
common, but usually not of a degree that 
could be considered significant. Similarly, minor 
alterations in T-wave amplitude were frequent 
in the precordial leads. In a few patients, how- 
ever, precordial T-wave changes of significance 
were present following the collapse therapy. 
Thus, in two patients with left thoracoplasty 
and one with right thoracoplasty, a previously 
upright T-wave in Lead CF, became inverted; 
in one patient with left phrenic paralysis the 
T wave became inverted in both CF; and CF;; 
in one patient with right phrenic paralysis, 
the T wave became inverted in CF,. 

shifts of the anatomic position of the heart 
are encountered with regularity in pulmonary 
coll.pse procedures. The exact nature of the 
shit, however, is undoubtedly influenced by 
a \ariety of factors besides the extent and 
type of the collapse procedure used, e.g., ad- 
he-:ons between various intrathoracic struc- 


tures, body habitus, and pulmonary consolida- 
tion or fibrosis. If the changes in the 
electrocardiogram are due to alterations in 
cardiac position, it is not surprising that so 
little regularity was present in the changes 
encountered. Dubrow® has described biochemi- 
cal and histologic alterations in the myocar- 
dium of dogs subject to thoracoplasty, but 
in none of our thoracoplasty subjects or other 
patients was there any reason clinically to 
suspect any myocardial involvement. Further- 
more, other investigators have been unable 
to find more degenerative changes in the hearts 
of thoracoplasty patients than in the hearts 
of other tuberculous patients.7 


SUMMARY AND CONCLUSIONS 

1. An electrocardiographic study was made 
on an unselected series of patients undergoing 
therapeutic thoracoplasty or phrenemphraxis 
for pulmonary tuberculosis. Electrocardiograms 
and chest roentgenograms were made prior 
to institution of the collapse procedure and 
after its completion. A total of 35 patients 
was so studied: 14 with left thoracoplasty, 
9 with right thoracoplasty, 6 with left phrenem- 
phraxis, and 6 with right phrenemphraxis. 
Electrocardiographic changes were tabulated 
and described. 

2. Some alteration in the size of various 
Waves in the QRS complexes in the limb and 
precordial leads was generally found, leading, 
in the case of the limb leads, to variable changes 
in the mean electrical axis of the QRS complex. 
In right thoracoptasty and right phrenic paral- 
ysis the axis tended to shift slightly toward 
the right, and in left phrenic paralysis, toward 
the left. In left thoracoplasty, slight shifts 
occurred in both directions with approximately 
equal frequency. 

3. Minor alterations in T-wave amplitude 
in the limb and precordial leads were frequent. 
In some patients there was a change in direc- 
tion of T;. In a few patients the postcollapse 
electrocardiogram became abnormal because of 
inversion of the T wave in one or more of the 
precordial leads, CF2, CF;, and CFs. 

4. No pattern of changes was found which 
was characteristic of any of the collapse pro- 
cedures investigated. 





ECG CHANGES IN PULMONARY COLLAPSE THERAPY 


TABLE 1. 


Age TR. 


Patient and | pj. ,'s Col- 
Sex oT 


lapset 


ositiont 


QRS 
Axis§$ 


+83 


+94 


LT |— 


Electrocardiographic Changes Produced by Pulmonary Collapse Procedure 


Changes in Limb Leads 
I and III 


QRS T Waves QRS 
QRS, less 

upright; 

QRS 


larger 


QRS; Ts 
smaller 


smaller | Smaller in 


CF; 


Ti small- Larger 
er; T; 

less in- 
verted 


QRS, 
smaller and more 
upright 
in CF, 
and CF; 


T: small- 
er; T; in- 
verted 
(was up- 

right) 


Smaller 
and more 
upright 
in CF; 


QRS, 
larger 
and less 
notched 


QRS, 
smaller; 
QRS; 
larger 
and more 
upright 


Larger in 
CF»; 
smaller 
and more 
upright 
in CF, 

and CF; 


Ts up- 
right 
(was in- 
verted) 


T, small- | More up- 
er; T; right in 
taller CF, and 
CF; 


QRS, 
smaller 


QRS; 
smaller 
and less 
upright 


Larger in 
CF; 


QRS; in- T; taller 
verted 

(was up- 

right) 
QRS; less T; more 
upright inverted 


Larger 
and more 
upright 
in CF, 
and CF; 


CF:, CFs, 


in Each Case 


Changes in Precordial Leads 


CF2, CFs, and CFs 


Remarks 


T Waves 


Inverted 7 ribs 
in CF, 
(was up- 
right); 
taller 

in CF, 
and CF; 


remuved 
Base of hear: dis- 
placed slight'y to 


right 


Taller in 8 
CF, 


ribs removed. 
P; smaller. No ap 
parent change in 
heart. position 
7 ribs removed. No 
apparent change 
in heart position 


7 ribs removed. 
Heart = markedly 
displaced to right 


Diphasic 8 
in CF, 

(was up- 
right) 


ribs removed. 
Illustrated. X-ray 
films not available 


removed. 
heart 


ribs 
Apex of 
markedly 
placed to right 


Smaller in | 4 
all leads 
dis- 


Taller in 8 ribs removed. 
Heart slightly dis- 


placed to right 


5 ribs removed. X- 
ray films not avail- 
able 


Smaller in 
all leads 


remo ed. 
apparent 


ribs 
No 
change in het 
position 


Smaller 7 
in CF, 





TABLE 1—continued 


Changes in Limb Leads 


T.B. land III 


Col- 
Diag.* 


Changes in Precordial Leads 
lapset 


CFe2, CFs, and CFs 


Positiont 


Heart 


QRS 


QRS; 
smaller 
and less 
upright 


QRS, 
smaller; 
QRS; 
less up- 
right 


QRS; 
smaller, 
more in- 
verted 


QR S; less 
inverted 


T Waves QRS 


T, taller; 
T; in- 
verted 
(was up- 
right) 


Larger in 
CF; 


T, taller; 
Ts; 
smaller 


Remarks 


T Waves 


Inverted 
in CF, 
(was up- 
right) ; 
taller in 
CF, and 
CF; 


6 ribs removed. 
Heart moderately 


displaced to left 


7 ribs removed. 
Heart slightly dis- 


placed to right 


More up- 
right in 
CF, and 

CF; 


More up- 
right in 
all leads 


Ti smaller | Larger in 
CF; 


Larger in 
CF, and 
CF; 


Smaller in 
CF.; less 
inverted 
in CF, 
and CF; 


Smaller in | 7 


ribs removed. 
all leads 


Heart moderately 
displaced to right 


Taller in 
CF, and 
CF; 


6 ribs 
No 
change 
position 


removed. 
apparent 
in heart 


Taller in 
CF; 


7 ribs removed. No 
apparent change 
in heart position 


Taller in 7 
CF, and 


ribs removed. 
Heart slightly dis- 
placed to left 


Inverted 
in CF, 
(was up- 
right) 


5 ribs removed. No 
apparent change in 
heart position 


® 


Ts and T; 
smaller 


Larger in 


1" 
Cr, 
5 


Larger 
and less 
inverted 
in CF; 


Smaller in 
CF, and 
CF, 


Taller in 


Taller in 7 
CF, 


6 ribs removed. 
Illustrated. Heart 
moderately _— dis- 


placed to left 


CF. and 
Cc F,; 


ribs removed. 
Heart moderately 
displaced to left 


6 


ribs removed. 
ECG abnormal be- 
cause of 

T waves 
and CF,. 
moderately 

placed to left 


inverted 
in CF, 
Heart 
dis- 





Age 
and 
Sex 


T.B. 
Diag.* 


Col- 


Patient lapset 


Positiont 


Heart 


TABLE 1—continued 


| 


Changes in Limb Leads 
land III 


QRS 


QRS; 
larger 


QRS; 
more up- 
right 

QRS, 


larger 


QRS, 
smaller; 
QRS; less 
inverted 


QRS, 
larger 


QRS, 
larger 


QRS, 
larger; 
QRS; 


smaller 


QRS, 
larger 
and more 
upright ; 
QRS; 
smaller 


T Waves 


T, and T; 


taller 


Ti smaller 


T; smaller 


T; less in- 
verted 


T, smaller 


T, taller; 
Ts; more 
inverted 


Changes in Precordial Leads 
CFs, CFs, and CFs 


QRS 


Larger in 
CF: 


Larger in 
CF, and 
CF; 


Smaller in 
CF3; 
larger in 
CF, and 
CF; 


Larger 
and more 
upright 
in CF, 
and CF; 


Smaller in 
all leads; 
more up- 
right in 
CF; 


T Waves 


More in- 
verted in 
CF;; 
smaller 
in CF, 
and CF; 

Taller in 
CF, and 
CF; 

Smaller in 

CF; 


Smaller in 


CF; 


Becomes 
inverted 
in CF, 
and CF; 


(was small 


and up 
right) 


Larger in 
CF, and 
CF; 


Smaller in 
all leads 


Less in- 
inverted 
in CF, 


Remarks 


7 ribs — renioved. 
Heart slight 
placed to lei 


dis- 


7 ribs removed. 
Heart slight 
placed to le: 


v dis- 


7 ribs 


removed, 
Heart moderately 
displaced to left 


7 ribs removed. 
Apex slightly dis- 
placed to left 


Heart displaced to 
left before col 
lapse. After  col- 
lapse, displaced to 
right. Left border 
could not be visu- 
alized for measur- 
ing 
Curve becomes ab- 
normal 


Change in character 
of P; and P 


Illustrated. Marked 
change in CF; and 
CF; 
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TABLE 1—concluded 


Changes in Limb Leads Changes in Precordial Leads 
pp | Cee Tand III CFs, CFs, and CF; 


Diag.* | lapset | Remarks 


Position} | 


Heart 


QRS T Waves QRS T Waves 


(cm.) 
| 7.6) +48 | QRS, T, taller; Smaller in 
——|——_——| larger T; in- CF, 
7.4; +22 verted 
(was flat) | 





5.0; +72 | QRS, 
less up- 
4.44 +90 right 





Less up- 
| right in 
CF; 
T; in- X-ray films not 
verted available 
(was up- 
right) 
6.0) +49 | QRS, Ti smaller | Larger in | Smaller in | Illustrated 
smaller; CF;; all leads 
5.0); +56) QRS; smaller 
larger in CF, 
and CF; 


T, taller Smaller in | Taller in 


6.0, +60 QRS, 
——|—_———|_ larger CF; all leads 
6.5 +66 





T, smaller More in- 
verted in 
CF;; in- | 
verted in 
CF, (was 
upright) 


* The tuberculosis diagnosis follows the criteria given in ‘‘Diagnostic Standards and Classification of Tuber- 
culosis,’”’ published by the National Tuberculosis Association, New York, 1940 edition; MA and FA denote 
moderately advanced and far advanced respectively, and the numerals I, II, III, and IV denote absent, slight, 
moderate, and severe symptoms, respectively. 

+ LY, left thoracoplasty; RT, right thoracoplasty; LP, left phrenemphraxis; RP, right phrenemphraxis. 

t Lateral displacement of the heart was determined, in patients subjected to phrenic crush, by measuring in 
centimeters on the roentgenogram the lateral shift of the left contour of the cardiac shadow at the level of the 
superior border of the tenth rib, posteriorly. This point on the cardiac silhouette falls on the left ventricular 
contour. In patients with thoracoplasty, postoperative spinal curvature made this measurement meaningless. 
In these patients, cardiac shift was estimated by inspection of the roentgenogram. (See ‘‘Remarks”’ column.) 

§ QS axis (mean) was measured on the triaxial reference system of Bayley. 
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Fic. 1.—Electrocardiographic tracings from an illustrative case of each of the varieties of ¢ 
procedure investigated. The first tracing in each series is the precollapse control record, al 
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second is the tracing made after institution of the collapse. The cases were selected to show the aver- 
ag: extent of changes encountered. 
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5. It seems probable that the most important 
factor in the genesis of the electrocardiographic 
changes is a change in the anatomic position 
of the heart. 
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The Changes in Heart Size in Man 


During Partial Acclimatization to 


Simulated High Altitudes 
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‘The heart size, as shown in serial roentgenograms, was determined in the case of 4 voung volunteers 
\ho were continuously exposed to simulated high altitude over a period of one month. Sufficient 
adaptation occurred to allow them to remain at progressively higher altitudes up to 22,500 feet. 
\ slight decrease in heart size was observed at all altitudes. This was thought to be due to decreased 
cardiae filling or smaller stroke volume or both. Doubt is expressed regarding the oft repeated state- 
ment that the heart in healthy persons exposed to anoxia readily increases in size. 


LTERATION in the size of the heart 
is regarded as one of the important in- 
dicators of the effect of anoxia on the 

circulatory system. For this reason, determina- 
tions of heart size have been made in persons 
exposed to a wide variety of conditions which 
have in common the effect of lowering the per- 
centage of oxyhemoglobin in arterial blood. 
Thus, measurements have been made on per- 
sons living at high altitude, on aviators engaged 
in flying at great heights and on subjects ex- 
posed to low oxygen pressures in the laboratory. 
These studies, however, have not led to the 
development of a clear concept of the effect 
of anoxia on heart size. This is due in part to 
the limited number of observations which have 
been made, and in part to differences in profes- 
sional opinion among the observers. Whether 
some of the differences are more apparent than 
real can be determined only after careful con- 
sideration of the circumstances under which 
the observations were made. These experimen- 
tal variables fall into four main groups; namely, 
(1) individual differences between subjects, (2) 
variation in degree and duration of the anoxia, 
(3) environmental factors other than the an- 
oxia, ond (4) the methods employed in deter- 
minin» the heart size. 

School of Aviation Medicine and Research, U. 8. 
Naval \ir Station, Pensacola, Florida. 

The opinions or assertions contained herein are 
the priate ones of the writers and are not to be con- 
strued is official or reflecting the views of the Navy 
Depar ment or the naval service at large. 


It is the purpose of this paper to summarize 
the pertinent literature and to present some 
observations of our own. Our observations were 
made during the course of an experiment in 
which 4 healthy young men were subjected to 
simulated high altitudes in a decompression 
chamber over a period of one month. The size 
of the heart shadow, as revealed in teleroent- 
genograms, was determined at frequent inter- 
vals. 


Historica REvIEw 


The published reports can be arbitrarily grouped 
in three main categories, namely, (1) observations 
on subjects exposed to acute anoxia, (2) observa- 
tions on fully acclimatized residents at high altitude 
(chronic anoxia), and (8) observations on persons 
partially acclimatized to high altitude (varying de- 
grees of adaptation to anoxia). 

Acute anoxia. There are conflicting reports on the 
effect of acute anoxia on heart size; some ob- 
servers! 2 state that the heart may readily dilate, 
others*-5 that the heart size may increase or decrease, 
while still others*: * state that there is no change. 

The best evidence strongly supports the view that 
little or no alteration in size occurs. The small 
alterations observed may be explained all or in part 
by the variations in degree of filling. The slight en- 
largement of the heart which has been noted may 
be due to a compensatory increase in stroke volume 
in persons making a good adjustment to acute 
anoxia. The slight decrease in heart size which has 
been noted is thought to be due to a decrease in 
stroke volume in persons showing signs of peripheral 
circulatory failure. Stated differently, the evidence 
favors the view that primary heart failure leading 
to cardiae dilatation does not occur when healthy 
persons are exposed to anoxia but that the slight 
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changes in heart size reflect alterations in the state 
of the circulation. 

Full acclimatization to high altitude. The studies 
of Miranda and Rotta* and of Kerwin? indicate that 
in the majority of persons, long resident at high 
altitude, there is some degree of cardiac enlargement 
which is predominantly right sided. 

Partial acclimatization to high altitude. Between 
the extremes of sudden exposure of persons to acute 
anoxia or decompression on the one hand, and pro- 
longed residence at great elevations on the other, 
there is a wide range in degree of adaptation to 
anoxia or high altitude. Numerous observations are 
on record of these effects on heart size. Some of these 
observations are the result of deliberate, planned 
study while others are merely chance or incidental 
findings, ofttimes by observers lacking in profes- 
sional skill and judgment. The results are not 
always easily evaluated and the material as a whole 
does not lend itself to concise summarization. 

It is remarkable that investigations'®“5 on the 
effects of flying on heart size have led to the conclu- 
sion that in many pilots intermittent exposure to 
anoxia results in cardiac enlargement. It seems im- 
probable that ascents, however, frequent, would 
cause cardiac enlargement in healthy persons. The 
sardiovascular adjustments at moderate altitudes 
do not throw a great burden on the heart when the 
individual is at rest and the direct effect of anoxia on 
the heart muscle is, in all probability, not very great. 
Factors other than flying need to be rigidly con- 
trolled; the suggestion of Gomez" that slight cardiac 
enlargement may be observed in all military person- 
nel under training is pertinent. 

There are a number of references to be found on 
the effect of limited sojourns at high altitude on 
heart size. In the case of mountaineers or soldiers 
whose amount of physical work was great, Sommer- 
well,!® Hingston,’® and Kaufmann and Meyer" all 
found marked increases in heart size in persons under 
their observation. These observations were made 
using the percussion method and, often, under the 
rigorous conditions which prevail in a tent or on the 
mountainside. Under these circumstances, not only 
are precise measurements difficult, but also the 
observers themselves are hampered by oxygen lack. 

Measurements of heart size have also been made 
on temporary residents at high altitude who did not 
engage in heavy work. Barcroft'® measured the heart 
size from radiograms taken on 5 members of his 
Andean expedition in 1921-22. A comparison of the 
measurements made from radiograms taken at sea 
level, within two hours after arrival at Oroya (12, 
178 ft.) and after two and three weeks, residence at 
Cerro de Pasco (14,208 feet) showed that at no time 
was there an increase in heart size at high altitude. 
In 3 members there was a slight but definite decrease; 
one member showed a probable slight decrease and 
one other no change in heart size. 

Talbott and Dill*® made observations on healthy 


persons living at the extremely high altitude oj 
17,500 feet. The length of residence at high «altitude 
varied from two to fourteen years. These ol server 
found that the heart size, as determined |yy pe. 
cussion, was not increased above normal. The limits 
tions of their method were recognized. 

Gomez! measured the transverse diamete of the 
heart by means of teleroentgenograms in 480 civilian 
inhabitants of Bogota, which is 8,016 feet al ove sea 
level. Some of his subjects were natives, th: others 
had resided at high altitude for periods rangi:ig from 
days to years. His findings were similar to the 
standards established by Ungerleider and Clark fo; 
persons living at sea level. 

From the observations just presented it is appar- 
ent that much more work remains to be done before 
final conclusions can be drawn with regard to the 
effect of altitude on heart size in partially acclima. 
tized individuals. Some of the evidence suggests that 
in the very early stages there is a slight decrease jn 
heart size, at least in persons not undertaking heavy 
physical work. The observations by mountaineers 
that the heart enlarges to a marked degree in men 
doing hard work at high altitude are of doubtful 
accuracy. There is reliable evidence that persons 
may reside at moderately high altitudes for varying 
periods of time without demonstrable cardiac en- 
largement. However, during some period in the 
process of full acclimatization, enlargement must 
result. in view of the findings that lifelong dwellers 
at high altitude have large hearts. 


EXPERIMENTAL PROCEDURE 


Our experiment was carried out on 4 healthy 
men, aged 19 to 27 years, who lived in a decom- 
pression chamber continuously for thirty-five 
days. After a three day control period at sea 
level, the atmospheric pressure within the 
chamber was reduced to simulate an ascent to 
high altitude.* The daily change in altitude is 
shown in chart 1. Below 15,000 feet, all in- 
creases in altitude were made at the rate of 
1,00C feet a minute, but above 15,000 feet, the 
rate was reduced to 250 feet an hour. During 
the fourth week the subjects were able to re- 
main at 22,500 feet but were more comfortable 
1,500 feet lower. Toward the end of the experi- 
ment the subjects were taken to 29,000 feet 
without supplementary oxygen, and to 51,000 
feet. when breathing 100 per cent oxygen 

The environmental factors in addition to 
decompression were carefully controlled and 


* Hereafter the word altitude will be used instead 
of simulated altitude for simplicity of expressic”. 





A. GRAYBIEL, J. L. PATTERSON, JR., AND C. S. HOUSTON 993 - 


recorded. Temperature within the chamber was 
maintained between 65 and 75 F. Regular ex- 
erci-e on a stationary bicycle was encouraged ; 
one subject (MeN) averaged 250,000 foot 
pounds of work daily but the other 3 did much 
less. The men were given their choice of food. 
Three of the subjects smoked in moderation; 


one subject (M) prior to his entering the cham- 
ber. 

All teleroentgenograms within the chamber 
were made with a 30-milliampere portable ap- 
paratus. All of the films were taken by the 
same operator, using similar technic on each 
occasion. The subjects stood facing away from 


Cuart 1.—Simulated altitudes to which subjects were exposed 
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the fourth (MeN) abstained. The reader may 
refer to previous reports for details of experi- 
mental procedure.”! 

Two series of teleroentgenograms were made, 
one within and one without the decompression 
charnber. The latter series was made at the U. 
S. Naval Hospital, Pensacola, and consisted of 
teleroentgenograms of the chest taken both 
befure and after the subjects were decom- 
pressed, a single exception to this was the 
omission of the x-ray examination in the case of 


the x-ray tube at a target distance of 6 feet. 
The film was exposed for one-half second while 
the subject held his breath after full inspiration. 
One or more teleroentgenograms were made at 
sea level and on eight representative experimen- 
tal days. 

Measurements of the cardiac shadow were 
made on every teleroentgenogram obtained 
from 3 subjects. In the case of one subject (H) 
no measurements were made because the right 
border of the heart shadow was obscured by 
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the shadow of the spine. The measurements 
were based on the procedure recommended by 
Ungerleider and Clark®® and Ungerleider and 
Gubner.” 


be made. The changes in the long and broad 
diameters paralleled the changes in transverse 
diameter but there were exceptions to this, 
The very slight amount of rotation of the 


TaBLeE 1.—Heart Shadow Measurements from Teleroentgenograms of Three Subjects during Partial Acclimati ition 
to Simulated High Altitudes 
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thorax from the true postero-anterior posi! ion 
did not appear to be important. In general, 
the results are consistent in showing that ‘he 
heart shadow decreased slightly in size wiiile 
the subjects were exposed to reduced atnios- 
pheric pressures. With a single exception | \, 


RESULTS 
Table 1 summarizes the data obtained from 
the teleroentgenograms. In analyzing the re- 
sults, chief reliance was placed on the trans- 
verse diameter measurements because of the 


exactness with which this measurement could 


July 8) the transverse cardiac diameter, ‘he 
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mos! reliable measurement, was always smaller 
in t!e teleroentgenograms made at high alti- 
tude. than in those made at sea level. It is 
furt! or to be noted that there was no consistent 
decr ase in size of the heart shadow in relation 
to i: creasing altitude, although individual ex- 
cept ons to this will be pointed out below. 

I, the case of Subject MeN the measure- 
mens of heart shadow taken from the four 
film. obtained at sea level showed little varia- 
tion despite the fact that the position of the 
diaphragm differed considerably. There was a 
tendency for the heart shadow to become pro- 
gressively smaller with increasing altitude up 


oA 
ij a a 
\ i ALTITUDE DAY OF ASCENT 
a |— SEA LEVEL 6-28-1946 
-- 19,500 FT. 7-22-1946 


FIG. la 


chamber, with the one made at the hospital 
after the experiment was over, showed fairly 
good agreement. This agreement was good for 
the transverse diameter, fair for the long di- 
ameter, but poor for the broad diameter. At 
12,000 feet the size of the heart shadow was 
about the same as the average at sea level. At 
18,000 feet the heart shadow was slightly 
smaller (fig. 2, a) and thereafter the changes 
were probably insignificant until the return 
was made to sea level. At the time of ascent 
from 20,000 to 24,000 feet there was a very 
slight increase in the size of the heart shadow 
(fig. 2, b) but not exceeding that at sea level. 


ALTITUDE DAY OF ASCENT 
— SEA LEVEL 6-28-1946 
-— 24,000 FT. 8-1-1946 


Fic. 1.—Change in cardiac silhouette with altitude (Subject MeN) 


to 19,509 feet. This maximum decrease is il- 
lustrated in figure 1, a. Thereafter, the changes 
were insignificant until the last experimental 
day when the subject ascended from 20,000 
to 24,900 feet. The transverse cardiac diameter 
in the film obtained at 24,090 feet (fig. 1, 6) 
was greater than it was in any other film 
obteined at high altitude, although it was still 
sma'ler than any of the comparable measure- 
men's made from films obtained at sea level. 

li, the case of Subject M, only one teleroent- 
gen gram was obtained at sea level prior to 
ascvnt in the chamber because he’ was a last- 
min ite substitute for another subject. A com- 
parson of this film, which was made in the 


There were four films taken at sea level on 
the third subject, W. The measurements of 
the heart shadow were similar in all four but 
the agreement was even closer if the radio- 
grams made in the hospital and in the decom- 
pression chamber were separately compared. 
With increasing altitude there was a progressive 
decrease in transverse diameter up to the alti- 
tude of 21,000 feet. Three days later, at 22,500 
feet, the transverse diameter was slightly 
greater again; the cardiac silhouette at this 
time is shown in figure 3, b. It should be noted 
that the changes in the long and broad diam- 
eters were smaller than in the transverse diam- 
eter. 
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Although exact measurements were not made 
in the case of the fourth subject, the teleroent- 
genograms were carefully reviewed. Inasmuch 
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fairly good evidence for concluding that the 
heart shadow at least did not increase appreci- 


ably in size. 
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Fig. 2.—Change in eardiae silhouette with altitude (Subject M) 
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FIG. 3a 


Fic. 3.—Change in cardiac silhouette with altitude (Subject W) 


as a slight increase in the projection of the 
heart shadow to the right of the midline would 
have allowed the right border of the heart to 
become visible, it may be assumed that such 
an increase did not occur. Thus, there was 


| ALTITUDE DAY OF ASCENT 
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Discussion 
There is no doubt that the heart shadow. as 
revealed in serial teleroentgenograms, \\:s 
smaller when the subjects of our experiment 
were at simulated high altitudes as compa:ed 
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with sea level. This decrease in size was slight 
but it was too consistent to be explained by 
chance. There was only a slight tendency for 
thes: changes in heart shadow size to follow a 
pati-rn. This may be partly explained by the 
fact that the changes were small and also by 
the ‘act that the effects of increasing altitude 
were offset by acclimatization or adaptation. 

The next question requiring consideration is 
whet her the observed decrease in heart shadow 
siz indicated an actual or only an apparent 
decrease in heart size. The following reasons 
are given in support of the opinion that the 
heart in our subjects was actually smaller at 
high altitude. First, the extent of the decrease 
in heart shadow size in some instances could 
not easily be explained on the basis of test- 
retest reliability of the procedure or on the 
basis of alteration in shape and position of the 
heart. Second, with regard to the position of 
the subject, there was never more than slight 
rotation of the thorax with reference to the 
direction of the roentgen rays. In the case of 
Subject W (table 1) it was possible to compare 
left and right rotation and in both instances 
the heart shadow size at altitude was smaller 
than at sea level. Even if all films showing 
rotation were discarded, the results would not 
be different. Third, changes in the level of the 
diaphragm cannot adequately account for the 
decreases in the heart shadow size observed. 
The variations in the level of the diaphragm 
in our subjects were no greater at altitude than 
at sea level. Moreover, inasmuch as our sub- 
jects were not rapidly decompressed the ex- 
pansion of intestinal gases with its effect on the 
diaphragm and position of the heart was not a 
factor. 

Assuming, then, that an actual decrease in 
the size of the heart occurred, how is it to be 
explained? Our data do not bear directly on 
this question; indeed, it would be difficult, if 
not impossible, to give a definitive answer to 
this question from the results of experiments 
on ian. The decrease in heart size might have 
bee due to a direct effect of anoxia on the myo- 


carlium or secondary to changes in the periph- 
era circulation. 

!\ should be mentioned in this regard that 
our subjects were standing while the teleroent- 


genograms were being made and this may have 
been an important additional factor. Circula- 
tory changes induced simply by a shift from 
the recumbent to the upright position may be 
sufficient to cause a measurable decrease in 
heart size.2> We have observed even greater 
decrease in healthy subjects in whom periph- 
eral circulatory failure was induced by nitro- 
glycerine.”* 

In relating one’s findings to those of other 
workers, it is always necessary to bear in mind 
whatever differences existed in experimental 
procedure. Thus our results may be compared 
in only a limited way with the results of most 
experiments on acute anoxia. However, insofar 
as a comparison is allowable, our findings are in 
general accord with those of other investiga- 
tors who found no increase in heart size when 
healthy subjects were decompressed. 

Our subjects were exposed to decreased oxy- 
gen pressure for a much longer period of time 
than were many of the aviators referred to 
above, who were considered to have developed 
cardiac enlargement as the result of exposure 
to anoxia. Although these findings cannot be 
directly compared because of the fact that, 
in the case of the aviators, the exposures were 
intermittent over a relatively long time, yet 
our findings tend to cast some doubt on the 
statement that moderate anoxia can so readily 
cause an increase in heart size. 

Our findings are in agreement with those of 
Barcroft,'® mentioned above, who found a slight 
decrease in heart size in 4 out of 5 members of 
his expedition while they resided at high alti- 
tude. The amount of work our subjects per-: 
formed in the decompression chamber was 
probably less than the exertions performed by 
members of Barcroft’s party. A possible excep- 
tion was Subject MeN who did 250,000 foot 
pounds of work a day, the equivalent of climb- 
ing 1,900 feet. 

Because of the limited amount of exercise 
performed by our subjects the strain on their 
hearts was much less than that incurred by 
mountaineers and by many residents at high 
altitude. Hence, our results cannot be compared 
with the observations made under these cir- 
cumstances. 
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SUMMARY AND CONCLUSIONS 


1. Four healthy young men were partially 
acclimatized over a period of one month to 
simulated high altitude in a decompression 
chamber. During the fourth week the subjects 
were able to remain at 22,500 feet and on oc- 
casion were taken to higher altitudes for short 
periods. 

2. The size of the heart shadow, as revealed 
in teleroentgenograms, was determined at fre- 
quent intervals. Measurements of the films of 
one subject were not made because the right 
border of the heart was obscured by the shadow 
of the spine. 

3. The results indicate that the heart shadow 
decreased slightly in size when the subjects 
were exposed to reduced atmospheric pressures. 

4. There is little reason to doubt but that 
this decrease in heart shadow size indicated an 
actual rather than simply an apparent decrease 
in heart size. 

5. Although our data do not directly bear 
on the cause of the decrease in heart size, it 
is believed to be due to decreased cardiac filling 
or smaller stroke volume or both. 

6. It is concluded that during an early stage 
of acclimatization to severe anoxia under the 
conditions of our experiment, dilatation of the 
heart does not occur, but rather the heart may 
decrease slightly in size. 

7. Some of the pertinent literature is re- 
viewed and may be summarized under the 
following three headings: (a) With regard to 
the effect of acute anoxia on heart size, the 
evidence suggests that slight, if any, change 
occurs in healthy subjects up to the point of 
collapse. The reports stating that marked ear- 
diac dilatation may occur are open to criticism; 
unfortunately, some of these are widely quoted 
in the medical literature. (b) With regard to full 
acclimatization, there is evidence that lifelong 
residents at high altitude have larger hearts 
than residents at sea level. (c) With regard to 
adaptation to anoxia or partial acclimatization 
to high altitude, the evidence is incomplete. 
The reports that aviators develop cardiac en- 
largement following repeated short exposures 
to high altitude are open to serious doubt. 
The observation that mountain climbers may 
develop marked cardiac enlargement has never 


been confirmed by properly trained investiga. 
tors. The evidence suggests that often ir: the 
early stages of acclimatization the heart may 
decrease slightly in size. There is evidence also 


that even in persons residing for relatively long 


periods at high altitude, the heart doe- not 
enlarge. 
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The Effect of an Ordinary Meal on the 


Electrocardiogram. Normal Standards 


in Middle-Aged Men and Women 


By Ernst Simonson, M.D., anp ANceL Keys, Pu.D. 


In previous studies on young men it was found that definite changes in the electrocardiogran 


are produced by an ordinary meal. This work has been extended with 
and women. In general, the results confirm the previous studies but 


a larger series of older me 
an age trend was found i) 


some items. The combined material allowed an analysis of the correlations between the changes i) 
the various items of measurement and more detailed consideration of the physiologic mechanisms 
involved. Normal fiducial limits for the changes induced by a meal were calculated to provide : 
basis of discrimination between normal and abnormal responses. 


N NORMAL young men an ordinary meal 
produces statistically significant changes in 
various electrocardiographic items. In 

some cardiae patients the changes in the elec- 
trocardiogram induced by a meal were even 
more striking than in normal men?:* and it 
seemed possible that a useful functional test 
might be developed by utilizing a meal as a 
simple ‘‘stress.’”’ For this purpose, normal stand- 
ards, properly defined statistically, would be 
essential. It was doubtful, whether the data on 
the 12 normal young men previously studied! 
would be adequate for this experiment, not 
only because of the small number of individuals, 
but more particularly because of the restricted 
age range represented. The majority of pa- 
tients with whom it might be desirable to employ 
such a test are in the age range of 40 years or 
older and proper normal standards for them 
must be obtained from a reference group of 
comparable age. This requirement is nder- 
scored by our recent experience with 500 *‘:or- 
mal’? men‘ in whom very definite age trends 


emerged from quantitative analysis of basal’ 


(without meal) electrocardiograms.** 
SUBJECTS 


The main experimental group consisted of 42 
men, mostly ‘‘white collar” workers between the 
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ages of 45 and 55 years. They were without signifi- 
rant medical complaints and were selected from a 
larger group‘ as being fully normal on the basis 
of a thorough clinical examination, including elec- 
trocardiography and radiography. As criteria fo 
the normal limits of the electrocardiogram the 
data of Katz and associates’ were used; these differ 
but slightly from the normal limits given in various 
standard texts on electrocardiography. In addition 
we used the recent data of Sokolow and Lyon® as 
criterion for abnormally high voltage. 

Identical studies were made on 12 women between 
the ages of 39 and 59 years. These women likewise 
were without significant medical complaints and 
were judged to be “normal” on the basis of the 
history and a routine electrocardiographic exami- 
nation. 


EXPERIMENTAL PROCEDURE 


The pre-meal electrocardiograms were taken in 
the morning, about one hour after the subjects 
had arrived in the laboratory without breakfast, 
and after fifteen to twenty minutes of supine rest. 
A second series of electrocardiograms was taken 
fifteen to thirty minutes (including a few minutes 
of supine rest) after a lunch of 1260 calories. No 
smoking was allowed. The three standard leads, 
Vi, V2, Vs, and CF, were taken before and after 
the meal. The spots for the chest leads were marked 
with a skin marking pencil to eliminate variability 
in the position of the electrode before and after the 
meal. 

A total of 36 electrocardiographie items was 
measured. As a criterion of arrhythmia the difference 
between the smallest and largest R-R intervs! (4 
Max.—Min. R-R) in a given record was used. The 
average heart rate was calculated from 10 beats, 
and the average Q-T interval from 5 beats, usually 
in Lead II. The value of Ker was calculated a- the 





ERNST SIMONSON AND ANCEL KEYS 1001 


quotient of the average Q-T interval divided by the 
sq iare root of R-R. XY QRS and = T are the sum 
of the QRS and T deflections in the three standard 
le: ds. The limitations of this procedure are obvious, 
but X QRS and = T have been found to be prac- 
tically useful as an index of voltage changes." 7 The 
QitS axis and T axis were measured by means of 
D:euaide’s diagram. Both Lead CF, and Lead V, 
were analyzed but the changes in them after the 
meal were nearly identical so only the data for 
V, are given here. 


RESULTS 


[he more important findings in the 42 
middle-aged normal men are summarized in 
table 1. The data for Vo are omitted because 
they added little to the information obtained 
with V,; and Vy. All potentials are given in 
terms of standardized mm. of amplitude (1 
mm. = 0.1 mv). 

The majority of the items showed changes 
after a meal which are statistically highly sig- 
nificant, that is they would occur by chance 
alone less than once in a hundred cases (p = 
<().01); the appraisal of significance here was 
made by applying the F test to the before and 
after data for each item. The only items which 
showed less consistent (i.e., nonsignificant) 
changes are Q;, Q;, and the amplitudes of R, 
S, and T in Lead Vj. 

The mean changes of the P-R interval, of 
the QRS interval, of the Q wave in all standard 
leads, of S-T; and S-T;, of AMax.-Min. R-R, 
Kor, QRS axis, T axis, R wave and S wave 
in V,; and Vy, and T-V; are comparatively 
small, not exceeding the intraindividual 8.D3 
However, many of these changes are consistent 
(i.c., statistically significant ).* 

The results confirm our previous findings 
on young men.' A rather consistent picture 
can be seen in normal men, such that we may 
speak with some confidence about a normal 
elctrocardiographic response to a meal. 

In spite of very substantial and statistically 
highly significant changes in various items, 
the postmeal electrocardiograms all remained 
within the generally accepted limits of nor- 
mality and the same was also true for the 
g oup of younger men. This can be simply 


* Statistical significance expresses the consistency, 
but not the magnitude of changes. 


explained by the fact that in the collection 
of normal standard material the intake of meals 
has been ignored in the standardization of 
the procedure. 

On the basis of the material presented in 
table 1 it is possible to define, quantitatively, 
the limits of the normal response to a meal 
and thereby to discern abnormality when it 
occurs. In table 1 are given the expected normal 
limits for 90 per cent and for 98 per cent of 
any population for which these men are a 
valid sample. For example, we can say that 
when an ordinary meal produces a rise in Re 
of 4.5 mm. then the result is ‘possibly ab- 
normal,”’ since an increase as large as this 
would occur in only 5 per cent of a normal 
population. And a decrease in Re of 1.7 mm. 
could be properly labeled as ‘‘very probably 
abnormal,” because a decline of this magnitude 
would be expected in only 1 per cent of the 
normal reference population. Wider ranges, for 
instance for 99.8 per cent of normal population, 
can be easily calculated from the means and 
standard deviations in table 2 . 

For these purposes those items which, in 
normal man, are relatively unaffected by a 
meal may be as useful as those which normally 
exhibit a large change. The fact that the post- 
meal changes in normal men always occur 
within the limits usually accepted as normal 
may also be utilized as a criterion for an ab- 
normal response. 

Relation between Pre- and Postmeal Values. 
So far, the changes produced by a meal have 
been discussed without reference to the char- 
acteristics of the electro -ardiogram before the 
meal; only the absolute magnitudes of the 
changes have been considered. However, it is 
conceivable, and even probable, that the extent 
of the meal change should be somewhat affected 
by the pre-meal characteristics. Exploration 
by means of correlation surfaces seems to verify 
this supposition for at least some items. The 
T-wave amplitudes, for example, showed a 
clear correlation between the values before the 
meal and the changes after the meal (fig. 1). 
It appears that the extent of the postmeal 
change in the QRS axis (fig. 2) is related to 
the angle of the pre-meal axis up to about 50 
degrees, but when the pre-meal angle was 
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greater than 50 degrees (up to 94 degrees), 
the postmeal value was nearly constant. It is 


Obviously, for those items in which the »-x- 
tent of the change produced by the mea) is 


TABLE 1.—Changes in the Electrocardiogram afler a Meal. (Means and standard deviations (S.D.) of the dij/vr- 
ence, postmeal minus pre-meal values, for 42 normal men aged 45 to 55, together with the predicted normal |i. ‘ts 
for 90 per cent and 98 per cent of any population for which these men may be considered a valid sample.) 


Change 
Item 


Heart rate : 
AMax-min R-R X 100 
P-R int. X 100.. 
QRS int. X 100 

Ker X 100 


Q: 
Q; 
Re 

Se. . 

= QRS.. 
S-T, . 
S-T. 

S-T; ; 

T, 

as: 

i) 
QRS axis® 
T axis® 
R-V;... 
S-V, 
T-V,.. 
R-V, 

S-V, 

TV, 


4 1, AFTER MEAL (mm) 


T, BEFORE MEAL (mm' 


Fig. 1.—Changes of T, (ordinate) after the meal 
versus the initial T,; before the meal (abscissa) in 
42 subjects. 


of interest that there was no apparent relation 
at any level between the angle of the T axis 
before the meal and the postmeal change. 


Normal Limits 
90% 98% 


4 to +14. +6.2 to +16. 
0% +65. +8. 
" bl, 3.0 * B. 

+1. " 

+4. 

+0. 

+0.+¢ 

+0.6 

+4. 

+0. 

+10.¢ 

+0. 

+0.: 

+0. 

+0. 

+0. 

+(. 

+26 

+18 

+1. 

+3. 

+4. 

+4.:¢ 

+3.+¢ 


A AXIS AFTER MEAL (DEGREES) 


i0 20 30 40. 50. 60 70 680 
QRS AXIS BEFORE MEAL ( DEGREES ) 
Fic. 2.—Changes of the QRS axis after the mea! 
(ordinate) versus the value for the QRS axis befor 
the meal (abscissa) in 42 subjects. 


definitely related to the pre-meal level of th 
items, precise standards should take accoun 
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of the pre-meal level. For this purpose we have The Meal Effect in Women. Table 3 is largely 
di ided the group into roughly equal halves the counterpart, for women, of table 1; it 
so 18 to obtain subgroups with relatively high summarizes the major findings on our 12 normal 
all relatively low pre-meal values for the sev- women between the ages of 39 and 59 years. 
r.| items; the point of division was made On the whole, the changes are very similar to 
o: the basis of the apparent trend and distri- those occurring in older men (table 1). While 

ion of values in the scatter diagrams. Sta- there are some numerical differences between 


{ABLE 2.—Relation between the Pre-meal Value and the Change Induced by a Meal. (For each item the 42 normal 

were divided into two subgroups according to the pre-meal division values indicated. Expected normal limits 

fo 90 and for 98 per cent of the population of middle-aged men for the changes induced by a meal. Values calculated 
irding to the pre-meal level for each of the electrocardiographic items.) 


Item Re Te ZT | - QRS Axis 


~J 


meal value above 
\iean A 
S.D., + 
40% limits 


6. 50° 
—2.§ —1.33° 
E 4.39° 
=e —§8.5 
+0.% —1.1 +5.9 
—2: —6.8 —11.6 
+0. +0.1 +8.9 
6.0 7.0 50° 
—1i2e =1.95 12.38° 
0.79 0.86 140° 
: —2.6 —3.3 —10.6 
+0.2 0 —0.5 +35.5 
98% limits 2 | =-56 Dé —3.6 —4.0 —20.3 
+0.5 3 +0.6 +0.1 +45.1 


— bd 


2 4 


at 
— ee aJ sy OF 


98°% limits 


Pre-meal value below 
Mean A 
$.D.,+ 
90% limits 


oa 


TABLE 3.—Changes in the Electrocardiogram after a Meal. (Means before and mean change after the meal for 12 
normal women aged 39 to 59 years, together with predicted normal limits as in table 1 for 


middle-aged men.) 


Change 


Item Before meal Normal 90% Limits 98% 
Mean 


Heart rate. .. 72.42 +4.00 é —2.7 +10.7 eee 
Kor X 100. Sr ' 39.6 +0.8 ‘ —1.0 shee 
; 7.80 +1.56 , —0.4 +3. ; +4.3 


+13.5 
+4.0 


20.03 +3.14 , —0.3 +6. +8.0 
1.96 —0.45 —1.2 +0.5 . +0.6 
2.47 —0.81 i —1.5 —@. ; +0.2 
5.05 —1.29 | : —3.7 +0. 3.; +6.9 
3.59 | 1.13 | ; | —2.1 —0. +0.3 
41.8 | +6.3 ' | —12 +24 
39.7 —8.5 +24 


istical comparison of the subgroups by means the va!ues in tables 1 and 3, the total material 
' the F test showed that for each item listed is too small to judge whether these differences 
table 2 the mean change resulting from the are really important. The most prominent ap- 
neal differed highly significantly for the sub- parent differences between the men and women 
soups (p = <0.01 except for Re where p = are in the heart rate and in the T axis. In 
< 0,05). Table 2 shows the mean changes, 8. D., older men any decrease in the heart rate after 
aid the expected normal range limits, as in a meal would be abnormal (p = <0.01). In 
tible 1, but adjusted for the pre-meal level. women a decrease of 2 beats per minute would 
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still be within the limits of 90 per cent of the 
population. For the T axis there is no sig- 
nificant difference between men and women 
in the mean change, but the postmeal variabil- 
ity is much larger in women. This means that 
very large postmeal changes in women may 
occur without indicating abnormality. 

The Effect of Age. Our previous study on 
young men, though quite detailed, involved 
only 12 subjects. As in our present study of 
women, then, this means that the prediction 
of normal limits in a larger population must 
be somewhat questionable. However, the meal 
effect in the younger and the older men is 
closely similar and for most purposes it is 
probable that table 1 can be applied to both 
age ranges. 

Changes in the QRS Complex and in the T 
Wave. There is evidence®: ' that, in general, 
an increasing R wave tends to decrease or 
invert the T wave so that an increasing left 
shift of the QRS axis is usually (i.e., in the 
absence of other changes) associated with an 
increasing shift of the T wave to the right. 
Since the general tendency after a meal is 
toward an increase in R (Re or 2 QRS) and 
a decrease in T, it might be suggested that 
the two changes are directly related. When, 
however, the individual values for the meal 
change in Re are compared with the corre- 
sponding changes in T, there is no significant 
correlation (r = 0.098). There was also no cor- 
relation between the changes of the QRS axis 
and those in the T axis. It must be concluded, 
then, that the change in T after the meal is 
not merely the result of a change in the QRS 
complex and it must be classified as nonphysi- 
ologic in the definitions of Ashman and Byer,’ 
Ashman," Wilson and Finch," and Wilson and 
associates.” It would seem that the change in 
T produced by a meal is probably associated 
with a change in the ventricular gradient. 

Cause of the Right Axis Deviation. The 
changes in the QRS axis observed after a meal 
may have some bearing on the causes of right 
axis deviation in general. In younger men! 
we found no significant change in the QRS 
axis after a meal. But, in older men, we find 
that a meal tends to produce a significant 
shift of the QRS axis to the right when the 
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initial axis (before the meal) was below 50 
degrees; with higher initial values there is s- 
sentially no change. These findings are diffic:lt 
to explain on the basis of a simple change jn 
position caused by filling of the stomach. [n 
any case, we are forced to conclude that i! a 
position change is involved here it seems to 
operate differently in older men with relatiy«ly 
vertical hearts than in other older men sad 
in all younger men. 

In all subjects, basal electrocardiograms w «re 
taken in 1948 and 1949, which made it possi le 
to compare in subjects with extreme initial 
values in 1948 the repeat variability of ‘he 
QRS axis (between years) with the trend after 
a meal (in 1949). This comparison was made 
on 10 subjects with a QRS axis below 26 ce- 
grees (mean 16.3 degrees + 5.77) and on 9 
subjects with a QRS axis above 70 degrees 
(mean 80.0 degrees + 9.01). The mean post- 
meal change of the left axis group was +18.9 
+ 14.66 and that of the right axis group was 
—0.67 + 4.12. The repeat variability of the 
left axis group, expressed as the standard de- 
viation of the change between years, was 
+ 12.36; the comparable value for the right 
axis group was + 4.47. It seems that a right 
QRS axis is less prone to variation than a left 
QRS axis, and this is true both with simple 
repetitions and with meal effects. 

Precision of the Estimated Normal Limits. 
The main purpose of the present investigation 
was to obtain quantitative standards for the 
differentiation between normal and abnormal 
responses so as to characterize individual pa- 
tients. The calculated limits of changes in 90 
and in 98 per cent of a normal population are 
provided for this purpose, but our main experi- 
mental group of 42 men may seem rather 


small for comparison with individual patients. 


It is notable, however, that very similar re- 
sults were obtained with women and _ with 
younger men. We believe, therefore, that tlie 
normal limits for the meal effect, as given in 
tables 1 and 3, are rather generally applicable. 


SUMMARY 


1. In 42 normal men, 45 to 55 years, an‘ 
in 12 normal women, aged 39 to 59 year: 
electrocardiograms were taken in the near bas: 
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state and again shortly after a moderate meal. 
ead- I, II, III, Vi, V2, and V4 and CF, were 
recol led. 

2 In a total of thirty-six electrocardio- 
graplic items measured and of thirty items 
stati-!ically evaluated, there were statistically 
highly significant changes after the meal in 
tweniy items. In several items the magnitude 
of the changes were comparatively small, but 
major consistent changes were increased heart 
rate, increased R amplitudes, decreased T 
waves, and a right QRS axis shift. 

3. Normal standards for these meal changes, 
including predicted limits for 90 per cent and 
for 98 per cent of the population, are provided. 

|. Differences between the women, and the 
younger men previously studied, and the 
middl -aged men were not statistically impor- 
tant. 

5. For some items the pre-meal values in- 
fluence the extent of the postmeal changes and 
normal standards adjusted to this fact are 
provided for six items. 

§. The causes of the changes in the T waves 
and in the QRS axis are briefly discussed. 
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The Meal Test in Clinical Electro- 
cardiography 


By Ernst Simonson, M.D., AnD C. A. McKintay, M.D. 


The fact that an ordinary meal induces definite changes in the electrocardiogram suggested the 
possible utility of a meal test as a mild and convenient form of stress in clinical work. Comparison 
of normal persons and cardiac patients revealed frequent significant electrocardiographic differences 
in the response to a meal. This was especially notable in patients with proved or suspected coronary 
insufficiency. It appeared that the incidence of abnormal responses to the meal increased with the 
clinical degree of cardiac involvement. The response of the T wave was most frequently aberrant 


in patients. 


XERCISE,!“ anoxia,?: 47 and drugs have 
been used recently as stresses to improve 


the electrocardiographie recognition of 


coronary insufficiency. Encouraging as the re- 
sults are, certain disadvantages of these tests 
are apparent and have prevented their general 
acceptance in clinical routine examination. 

In view of this situation we thought that 
the effect of a meal on the electrocardiogram 
held some promise as a clinical test procedure. 
Preliminary studies": '' showed greater elec- 
trocardiographic changes after a meal in pa- 


tients than in normal subjects.”: 
produced by a moderate meal is mild and only 


8 The stress 


repeats a situation which every person experi- 
ences in every-day life. The effect does not 
depend on the composition of the meal or its 
valorie content within fairly wide ordinary 
limits. Moreover, no significant trend in the 
changes was observed between 20 and 60 
minutes after the meal.” 


MetrHopD 


Procedure. Electrocardiograms of 99 patients were 
taken before, and twenty to thirty minutes after, 
a meal of about 1,200 calories. In several patients 
additional electrocardiograms were taken. In all 
patients the three standard leads and CF, or V, 
were taken and in about half of the patients Vi, 
V. and Vz were also recorded. In a few cases, uni- 
polar limb leads were also used. The spots for the 
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location of the chest electrodes were marked. The 
meal was given at noon (lunch) or in the morning 
(breakfast); in the first case the test was made at 
least three hours after a light breakfast of 200-300 
calories, and in the latter case the patients came 
without breakfast to the laboratory. No smoking 
was allowed before or after the meal. 

Method of Evaluation. The electrocardiographie 
items for each patient were compared with the 
normal standards obtained in 66 normal subjects 
(12 vounger men, 42 older men, 12 older women).!?. # 

Two criteria were used for differentiation be- 
tween a normal and abnormal response of the 
electrocardiogram to a meal: the response was con- 
sidered to be abnormal (1) when, according to 
accepted standards," it was normal or borderline 
before the meal but abnormal after the meal; 
(2) when the changes exceeded the expectancy 
range for 98 per cent of the normal population. 
In normal subjects it was found that the changes 
of CF, or V, were very similar,’ so that the normal 
standards for V, may also be applied for CF,. 

Patients. All patients were ambulatory and in a 
state of apparent compensation at the time of the 
test. Most of them were between 40 and 60 years 
of age. About half of the patients (45) were members 
of a large experimental group of 500 subjects pres- 
ently under study of this Laboratory.'® In 29 patients, 
the electrocardiograms were the only abnormal (or 
borderline) findings of a thorough physiologic :nd 
clinical examination. Thus, the majority of our 
patients were in an incipient phase of cardiovascular 
degeneration, except a group of 23 patients with 
diagnosed coronary insufficiency. 

The patients were grouped into six major ¢a!e- 
gories: (I) Suspected coronary insufficiency (16 }»:- 
tients). (II) Coronary insufficiency (23 patients). 
(IIL) Arterial hypertension (21 patients). (IV) P:- 
tients with miscellaneous cardiac pathology ot! 
than coronary insufficiency or hypertension (6 | 
tients). (V) Patients with borderline electrocardi: - 
gram, but clinically normal (10 patients). (V! 
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Patic: ts with abnormal electrocardiogram, but clin- 
ically normal (23 patients). 

Al patients of Group I had episodes suggestive 
of coronary insufficiency, but the electrocardiogram 
(befvie meal) was normal (11 patients) or border- 
line » patients). Two of these patients had arterial 
hype tension. 

G:oup II consisted of patients with definite coron- 
ary vosufficiency, including 9 patients with healed 
myorirdial infaret and little or no complaints at 
the ‘ime of the test. The electrocardiograms of 
all 2:' patients were abnormal, mostly showing non- 
speciic T and 8-T segment changes. Two of these 
patients had left bundle branch block. 


Before 


Be LI 


2 cases with arrhythmia (multiple premature ven- 
tricular beats) and one case with left bundle branch 


block. 
RESULTS 


Individual Examples of Abnormal Changes. 
The most frequently observed abnormal change 
(tables 1 to 3) was a decrease (or inversion) 
of the T wave, mostly in Lead I or II. The 
T-wave change is, of course, most impressive 
when a formerly positive T wave becomes flat, 
diphasic or inverted. Examples of a change of 


Be CF4 


Fic. 1.—In a patient (woman, age 59 years) with suspected coronary insufficiency, a flat T; becomes in- 
verted after the meal, the positive T. becomes subnormally low, and the normal T in CF, diphasic, 


mainly inverted. 


In Group III (total 21), the electrocardiogram 
was normal in 6, borderline in 2, and abnormal 
in 13 patients. Left ventricular strain pattern was 
present in 6 patients. One patient had left bundle 
branch block. As to the degree of hypertension, 
5 were classified as mild, 11 as moderate, and 5 
as severe. 

(;xroup IV was small (6 patients) and_heter- 
ogeneous, including one case of aortic aneurism, 
one of aortic insufficiency and one of cardiac neurosis. 

ut of 10 clinically normal patients with border- 
lin. electrocardiograms (Group V), 6 had a Q; wave 
preveded by a tiny R and followed by a larger R’. 

vever, in 5 of them there was no abnormal Q 

‘e in Lead Vr, while one patient had a borderline 

vave in this lead. ; 

‘roup VI included 8 cases with left ventricular 

\in pattern; 4 cases with A-V block first degree; 

‘ases with nonspecific changes in the T wave; 


the T wave in the direction toward greater 
abnormality are shown in figures 1, 2 and 4, 
Patient Si. It is evident, that a suspicion of 
myocardial involvement because of the low 
T, in Patient Be (fig. 1) was strengthened by 
the result of the meal test. 

Figure 3 shows major changes of the T wave 
in CF, and CF, toward normality associated 
with an S-T depression in Lead II, and an 
exaggerated increase of the heart rate. The 
patient experienced marked discomfort after 
the meal, which was relieved by nitroglycerin, 
together with disappearance of the S-T. de- 
pression and reduction of the heart rate to 
normal. 

An increase of an abnormal Q wave in Lead 
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CF, associated with a late dip of the T wave, 
is shown in figure + (Patient Hi). An increase 
of the Q wave is rare, and was observed only 
in patients with coronary insufficiency. 
Incidence of Abnormal Responses in Various 
Clinical Groups. The incidence of abnormal 
responses was surprisingly high; 75 out of 99 
patients showed abnormal changes of one or 
another type. Table 1 shows the incidence of 
the most frequently observed types of abnormal 
response in the six clinical groups. Changes of 









pe 
Ca 


Hed 





Fic. 2.—In Patient 231 (man, age 50 years, mild 
hypertension) a normal (though somewhat low) T; 
becomes almost flat and the subnormal Ty» inverted, 
associated with an S-T depression. There is also an 
increase of the heart rate of about borderline signi- 
ficance. 


the T wave, of the S-T segment, and of the 
heart rate are the most important electrocardi- 
ographic items for investigation of meal effects. 
The number of items listed is cumulative; most 
patients showed an abnormal response in more 
than one item. 

As a whole, Group II (coronary insufficiency) 
represents a more advanced phase of myo- 
vardial involvement than Group I (suspected 
coronary insufficiency). The incidence of ab- 
normal responses for the whole group as well 


as the number of abnormal items per pai ient 
having an abnormal response (table 1, last 
column) is somewhat higher in Group IT ‘han 
in Group I. The number of abnormal responses 
per patient was substantially lower in the pa- 
tients of Groups V and VI, who were probably 
in an initial phase of myocardial involvenent, 
since they were clinically normal. Thus, the 
results show a trend towards greater incidence 
of abnormal responses with the degree of inyo- 
‘ardial involvement. Also, comparison of  pa- 
tients of Group III] with normal and abnormal 
electrocardiogram (table 2) shows a similar 
trend. 

In the limb leads a decrease of the T wave 
(change towards negativity) was much more 
frequent than an increase (table 1), while in 
V; (or CF,4) increase and decrease are about 
equally frequent. The incidence of increases 
was greatest in Group II. An abnormal T-axis 
shift occurred more frequently in patients with 
arterial hypertension (Group IIT) than in any 
other group. 

Association of Various Abnormal Responses. 
Table 2 shows the number of patients with 
abnormal changes of the T wave, heart rate, 
and S-T segment, and the association of such 
changes with one another and with other (not 
classified) abnormal responses. No breakdown 
is made as to the direction of change (increase 
or decrease); the figures in table 2 refer to 
the number of patients with any type of ab- 
normal response in the given item. 

Of 75 patients with abnormal responses to 
a meal, 54 had abnormal T-wave changes, and 
in about half of this number the T-wave change 
was the only abnormal electrocardiographiic 
item. Abnormal T-wave changes were most 
frequently associated with other abnormal! re- 
sponses in patients with coronary insufficiency 
(Group II). Association of T-wave changes 
was more common in patients of Group I!!! 
with abnormal electrocardiogram than in p:- 
tients of the same group with normal electrs- 
cardiogram. 

The change of the heart rate was abnorm:! 
in 38 patients, and associated with other al 
normal changes in 22 patients. It is of interes 
that no isolated S-T changes were observed. 
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Before 


tt 


Nitroglycerin simran it 


Dr LI Dt GF 2 Dr CF4 


Fic. 3 —Changes towards normality in T-CF, and T-CF, after meal in a patient (man, 59 years) with coro- 
nary insufficiency and distress after the meal, while an S-T depression appears in Lead II. The increase 
of the heart rate is exaggerated. The changes of Lead II disappear after administration of nitroglycerin. 


2 -LT HCE? Hi 


Fic. 4.—Inecrease of the Q wave in CF,, associated with a slight late negative dip of the T wave after meal 
in Pa'ient Hi (man, 54 years) with coronary insufficiency (history of anterior wall infarct). Inversion of a 
low |. in Patient Si with coronary insufficiency. 





1010 


Incidence of Abnormal Responses in Various 
Electrocardiographic Patterns. Table 3 shows 
the incidence of abnormal electrocardiographic 
changes in groups classified according to the 
electrocardiographic pattern before meal. In 
18 patients with borderline electrocardiogram, 
6 cases with “suspicious Q;” were included, 
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high. In 9 patients with healed infarct and 
little or no complaints the incidence of gb. 
normal responses, especially depression of T, 
T: or = T, is comparatively low. The incidence 
of abnormal responses, especially ‘I -waye 
changes, was definitely higher in left ventricular 
preponderance (LVP) of the ST,T; type" or 


TABLE 1.—Incidence of Abnormal Electrocardiographic Changes after Meal in Six Clinical Groups 


No. > 
Pat. Ti, Tz, = T 
with es 
Abn. 
Resp. 


No. 
Pat. 


Clinical Category 

Decr. Incr. 

16 12 9 0 

23 19 11 2 

21 16 8 2 
6 5 3 


5 1 
7 


T-CF, T-V« 


Decr. 


Heart Rate Aly 
he S-T os Other 
T Axis Depr. No Changes) wth J 


Incr. ~ 
Change 


Ne RK Nw orl 





39 


Tas Le 2.—Incidence of Abnormal Electrocardiographic Changes after Meal and Association of Changes in Several 
Electrocardiographic Items 


No. 
Pat. |— —— 
with 
Abn. 
Resp. 


Clinical Category 


Total | Alone 


T wave 


S-T H. Rate) Other 


1 
4 
3 
0 


1 
0 


Assoc. with 


Heart Rate 
~ S-T 
Alone 


Assoc. with 


Total Alone 


S-T Other 


3 1 
6 ‘ 
1 
( 


) 


3 
1 


NNN Kw orld 





Total 


III, Normal ECG 
III, Abn. ECG 


i.e., a downward deflection preceded by a tiny 
R, and followed by a larger R’. In only one 
of these cases was a possibly abnormal Q noted 
in Lead Vy. The 12 remaining borderline cases 
showed a much higher incidence of abnormal 
changes. This is confirmatory to the impres- 
sion, gained from Vy, that a downward deflec- 
tion in Lead III preceded by a tiny R is 
probably not abnormal. Also, the incidence of 
abnormal responses in 25 patients with non- 
specific S-T segment or T changes is very 


9 


high voltage type'® than it was in LVP of the 
Se type. 

Abnormal changes of the QRS complex were 
observed only in 7 cases which contrasts with 
the large number of abnormal T-wave changes. 
This discrepancy implies that the T-wave 
changes were primary”: 8 (nonphysiologic) and 
associated with changes of the ventricular yra- 
dient. This also true for the T-\ave 
changes after a meal in normal people.” ' 

Patients with A-V Block and Bundle Br 


was 


ach 
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Block. Our group included 5 cases with a P-R by means of the meal test appears to be high, 
intervil exceeding 0.22 second. Table 4 shows but this, of course, will depend on the selection 
that, vith the exception of one case, the P-R of the group and the definition of ‘suspected 
intervils were substantially shorter after the coronary insufficiency,’ which is arbitrary to 
meal, -o that in 3 patients the P-R interval a high degree. 

was \ thin normal limits after the meal. Al- In 2 instances the meal test revealed more 
thoug!: the group is small, the uniformity of generalized involvement in patients with minor 
response Should not be ignored. abnormalities in the electrocardiogram before 


TaBLE }.—Incidence of Abnormal Electrocardiographic Changes after Meal in Several Groups Classified According 
to siecieonntingunyie Pattern anes Meal 


Abnormal Sica 


Ti, TT | T-CFeT-Vs | 


— 
| Heart Rate 


7 Pat. 
ECG Categ. ——" Abn. i aoe 
Resp. Other 


Depr. | eats 


{ 
Incr. 
} 


Change 


| Decr. | Incr. | Decr. | Incr. | 
| 


No 


| 
| 
|T Asi Sep 
=| 


Norma! 

Borderline nny 
B.L. without susp. Q;.. 
Non-spee. S-T or T 

Healed Infaret.. 

LVP; S: Type 

LVP; ST:T, Type 


om | 
“ 


meno dw WwW or 
or 
SON N NWN 


—_ 


The .response of 4 patients with bundle TaBLe 4.—Electrocardiographic Changes after Meal 
aos . ; D 2 
branch block was less uniform, which is not ___tn Patients with Partial A-V Block 
surprising, since left bundle branch block may i deat 
> » > » > ’ _ at- (sec.) 
obscure even the occurrence of infarct. Ab E hiss i Miah 
normal changes were observed in 3 patients, | Before After 
. ° ° ° > = | mea 
one of which is demonstrated in figure 5. : : sel nctaia ecseseecl 
Conversion of Previously Normal to Abnormal | N IV | 0.24 | 
as | 
Electrocardiogram. One of the main purposes 95 | M | 47 | VI | 0.23 | 
of the use of stress situations for diagnosis is _ | a 
| 
| 
| 
| 


Other abnormal 
Changes 


0.20 | low T,, diph. T: 
0.19 | decreased heart 


the detection of latent involvement. The con- ” | ae | 1 Pe ne 
version of a normal or borderline electrocar- V L | 0.25 | 0.20 | an 
diogram to an abnormal electrocardiogram VI | 0.23 | 0.23 | None 

after the meal could be regarded as a positive ve SS 

test result in that sense. Table 5 shows the E ee ia 
number of patients with normal and borderline a meal. In patient 265 (fig. 6), the I “R interval 
electrocardiograms before meal, which became _ prolonged before the meal; ae the ane 
abnormal after the meal. The 5 patients of longation is slight, the importance is question- 
Grou V with “suspicious” Q;, but probably able in the absence of other abnormalities. 
within normal limits, were not included. The After the meal, the P-R interval was shortened 
total incidence of abnormal electrocardiograms (cf. table 5), but this was associated with S-T, 
after the meal is high (about 50 per cent), but depression and a diphasic, mainly negative T>. 
mail 'y on account of patients with suspected Corroboration of Tentative Interpretation of 
coronary insufficiency (Group I). -Therefore, Basal Electrocardiogram. The meal test also 
the -hance of discovering latent changes in appears to be valuable when a tentative inter- 
paticats with suspected coronary insufficiency pretation can be made more definite. The elec- 
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trocardiogram of Patient 282 (fig. 7) 
interpreted as probable left ventricular pre- 
ponderance, because of somewhat high voltage 
of the R wave in Vy, and that of Patient Mag 
(fig. 6) showed left ventricular strain pattern 


Was 


Ro LI Ro 


-Abnormal 
T;; disappearance of 83; replacing of R’S 


Fia. 5. changes after meal 


, 
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pattern, due to the vertical position of the 
heart. 

Reproduction of Abnormal Characteris/ics, |p 
2 patients a transient T inversion was found 
in Lead I and CF,, probably due to an cpisode 


LI 


Ro CF4 


(T. diphasic, mainly negative instead of positive; flattening of 
in CF, by a slurring of the upstroke of S near the baseline) in a 


patient with left bundle branch block and coronary insufficiency. 


TABLE 5.—Patients with Normal or Borderline Electrocardiogram before Meal and Abnormal Electrocardiogran 


Total Numter Pat. ECG before meal 


normal 
norma! 
norma! 
borderline 
borderline 
l borderline 
5 borderline 
Total normal 
Total borderline 


in Vs. The standard leads of both patients did 
not show a left ventricular strain pattern due 
to the vertical position of the heart, as inter- 
preted from the unipolar limb leads (not shown 
in fig. 6). After the meal, a definite left ven- 
tricular strain pattern appeared in Vy of Pa- 
tient 282 (fig. 7), while the standard leads in 
both patients showed a right ventricular strain 


Group 


after Meal 


ECG after Meal 
S-T 


depression ( 


Other 
Number of Low, diph. or neg. 
Pat. with 
Abn. ECG 


ranges 


Ti, Tz T-CF; T-Vi 


2 
0 
0 
0 
0 
0 
0 
9 


0 


of coronary insufficiency. The meal test was 
made after the T wave had become normal 
and reproduced an earlier phase of recovery 
with abnormal T waves. 

In 2 patients, after the meal a pulsus bigem- 
inus reappeared, which was found on forme? and 
later occasions before the meal but was al)sent 
on the day of the meal test. The appear: nce 





Fic. 6.—Marked S-T: and S-T; depression after meal in a patient (man, 39 years, severe hypertension) 
with left ventricular strain in a vertical heart (diagnosed by means of the chest leads, not shown in this 
figure). T. and T; inversion after meal in Patient 265 (man, 51 years of age) with aortic aneurism on luetic 


basis. Three standard leads. 


CVD No. 282 


AFTER MEAL 
fs | i 
a ls a 


Et 
itEssios 


- 
OT ae 
7 , es jy Neen, age, Ne 
VR Ve 


FG. 7.—The electrocardiogram before meal shows high voltage in Lead V;, suspicious of left ventricular 
pre} onderance in a vertical heart. After meal, V> shows left ventricular strain pattern, which produces a 
T; i.version due to the vertical position. (Man, 51 years, no abnormal clinical findings.) Three standard leads 
and } unipolar limb leads. Standardization in Vp, Vz and Vy. Imv = 15 mm. 
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of the pulsus bigeminus was associated with 
abnormal T waves in Lead I or CF. 


DIscUSSION 


Possible Mechanism of Meal Effects. The 
stress produced by eating a meal is very small 
in terms of oxygen transport, compared to the 
mildest physical exercise. It was assumed,”: " 
therefore, that the changes of the electrocar- 
diogram after a meal in normal people cannot 
be due to the increase of load in terms of oxygen 
consumption, and the same is true for most 
‘ardiac patients. It is also unlikely that the 
changes after meal are due to myocardial anoxia 
in normal people, though this might be different 
in some patients. In 2 patients who experienced 
discomfort after the meal a pronounced S-T 
depression, reversed by nitroglycerin, was in- 
terpreted as indicative of transient coronary 
insufficiency. In any event, the mechanism of 
meal effects must be different from that in- 
volved in exercise or anoxia tests. The high 
incidence of abnormal electrocardiographic re- 
sponses after a meal in various groups of cardiac 
patients shows that interference with the nor- 
mal mechanism of mediation of cardiac meal 
effects is so common in most types of myo- 
cardial involvement that it may be used for 
diagnostic purposes. 

Significance of Heart Rate and T-wave 
Changes. Abnormal changes of the heart rate 
are, according to incidence, the second most 
important item, but they are subject to emo- 
tional interference. Furthermore, noncardiac 
pathology may produce an abnormal response 
of the heart rate, though actual information 
is not yet available. 

In women a decrease of the heart rate must 
exceed 5 beats per minute to be called ab- 


normal, but a decrease of such magnitude was 


not observed in our group. 

Of the various abnormal changes, the T-wave 
changes are the most important in regard to 
incidence and significance. The results of fol- 
low-up observations in 16 patients over a period 
from one to three years after the meal test 
seem to support the significance of T-wave 
changes. Eight patients with suspected or defi- 
nite coronary insufficiency, who had abnormal 
changes in the T wave after a meal, continued 


to have angina pectoris or showed electrocar. 
diographic evidence of progressive myoe: dial 
involvement, and 2 had subsequent coronary 
thrombosis. Of 4 patients of these groups who 
had a normal response or an abnormal res} onse 
only of the heart rate, 3 showed no further 
development. We wish to emphasize, how over. 
that the material is too small for any de inite 
conclusion. 

The Meal Test and Other Stress Tes’s in 
Electrocardiography. According to Burchel| and 
associates,’ a positive anoxia test may he ey- 
pected in about 50 per cent of patients with 
coronary sclerosis. It seems surprising that the 
incidence of positive meal tests exceeds the 
incidence of positive anoxia tests, although 
induced anoxia is a more severe stress situation 
than the intake of moderate meals. However, 
the criteria for the induced anoxia test are 
qualitative rather than quantitative. No nor- 
mal standard material is available for the 
anoxia test comparable to that for the meal 
test. It seems safe to expect that the incidence 
of positive results would be higher for the 
anoxia test if such material were available 
for quantitative comparison of patients. Also, 
the necessary selection of patients for the 
anoxia tests is bound to decrease the incidence 
of positive results. Since the physiologic bas’s 
of the meal test is different from that of exercise 
or anoxia tests, they are supplementary. 

Problems of interpretation and application. It 
is suggested that the meal test be used in 
clinical routine but with caution in interpreta- 
tion. In general, it may be assumed that an 
existing suspicion of myocardial involvement 
will be strengthened by a positive meal test. 
The validity of using changes of normal sub- 
jects as the basis for predictions in pa//ents 
may be questionable. It seems reasonably sale, 
however, to use the expected normal limits 
of changes, when the change occurring «iter 
the meal is in the direction of greater alnor- 
mality. We are on less safe ground with charges 
in the direction towards greater normality. 
However, a gross change towards normi:lity 
after the meal, for instance a reversal of the 
direction of abnormal inverted T waves, \vas 
considered as abnormal response. In a sim lar 
way, reversal in the direction of abnorm:| T 
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waves after exercise is also interpreted as ab- 
nornal response.'® However, such interpreta- 
tion might not be correct for minor changes 
towards normality, but this was rare in our 
grou) (2 cases). Of the two criteria used, the 
first (conversion of normal to abnormal) re- 
veal | abnormal responses in 30 out of 75 
ease-. Both criteria do not exclude one another, 
and ‘he comparison with the 98 per cent range 
limits (second criterion) was used in every case. 
Since the normal changes in several items are 
comparatively large, the second criterion was 
as valuable to exclude as to prove an abnormal 
response. 

Our group of patients is preselected in regard 
toage distribution as well as to clinical involve- 
ment. The most important involvement (sus- 
pected or manifest) in our group is coronary 
insufficiency, and the interpretation of our re- 
sults depends naturally on the composition 
of our group. It is quite possible that the meal 
might produce other patterns of response in 
other types of myocardial involvement, or a 
different incidence of abnormal responses in 
the same groups, dependent on chance distri- 
bution and definition of clinical groups. 


SUMMARY 


|. The effect of an ordinary meal on the 
electrocardiogram of 99 cardiac patients was 
compared to the effect in normal people. The 
patients were subdivided into. six clinical 
groups: (1) suspected coronary insufficiency; 
(II) coronary insufficiency; (III) arterial hy- 
pertension; (IV) miscellaneous myocardial in- 
volvement; (V) borderline electrocardiogram, 
clinically normal; (VI) abnormal electrocardio- 
grani, clinically normal. 

2. The incidence of abnormal responses was 
high for all groups (75 per cent of the total 
group), but there was a tendency toward ap- 
pearince of multiple abnormal changes with 
increasing myocardial involvement. 


3. Abnormal changes were most frequently 
observed in the T wave, especially a decrease 
(or version) of T;, T2, T-V4 or = T, but also 
abnormal increases of the T wave were ob- 
served, 


| The next important item in regard to the 
Incilence was the change of the heart rate, 


either an exaggerated increase, or failure to 
increase the heart rate, or decrease of the 
heart rate after meal. 

5. An abnormal depression of the S-T seg- 
ment was fairly common, but it was always 
associated with other abnormal changes, chiefly 
of the T wave. It is assumed that a marked 
S-T depression in 2 patients was associated with 
an attack of transient coronary _ insuffi- 
ciency, precipitated by the meal. 

6. Problems of applicability, standardization 
and physiologic background are discussed. 
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The Effect of Meals on the Electrocardiogram 
and the Ballistocardiogram in Patients 
with Angina Pectoris 


By BeRNARD Berman, M.D., Joun R. Braunstern, M.D., AnD JonNson McGutre, M.D. 


The effect of meals on the electrocardiogram and the ballistocardiogram was studied in 59 patients 
with angina of effort. Approximately one-fourth of the group showed a 0.5 to 1.0 mm. depression 
of the S-T segment, whilethenormal controls did not show this change. Premature ventricular con- 
tractions and inversion of the T wave were found more frequently in patients with angina follow- 
ing meals than in normal individuals. The patients with angina were unable to increase the cardiac 
output significantly following meals as compared to normal individuals. It is suggested that these 
findings may prove to be of value in evaluating cardiac function in patients with angina. 


‘|’ HAS BEEN shown that changes appear systole, decreased Q-T interval, and an in- 

in the electrocardiogram of normal individ- creased QRS amplitude? 

uals following the ingestion of moderate Electrocardiographie tracings of thirty-two 
meals.'~* The most important effect of the meals patients with angina of effort, from the Out- 


Tape 1.—Average Difference in Electrocardiographic Findings in Patients with Angina and Control Subjects, 
before Meals and Thirty Minutes following Meals 


Control Subjects 
Average increase in heart rate/min. ee 5.02 
Averate T-wave changes: 
Lead I (mv.). oe Baht del. Se 47 
Lead Ti (mv.)........ ee rece gh chs, oe ol 
Lead III (mv.). . : Ashe oe 


00 
41 
47 
.02 
06 
.07 


ro. Be te, hile telah es aie Basins .02 
Lead Vz. eee ee -05 
Lead V3... : pe fds. al .06 


Lead V4... — .05 06 

Lead V; nee : : mete. , ; — .05 — .05 

TSS a a ee Ph ROM eee — .04 8 — .03 
Rs-T segment............... Ree toy cxtilhos, el No significant change Significant change 
P-wave duration Coe eae pee ted No significant change No significant change 
Peat iNGOPVAL.... oe sa ceca ad nes ated, No significant change No significant change 
P-wave amplitude. ...... se ees No significant change No significant change 
Q wav aa No significant change No significant change 


in normal subjects is a decrease in the voltage Patient Department of the Cincinnati General 
of the T wave, and, in addition, an increased 


Hospital, made thirty minutes following meals 
heart rate, decreased duration of mechanical 


showed a 0.5 to 0.75 mm. depression of the 
NON ~, >: ‘ y : ° 

kyom the Cardiac Laboratory, Department of RS-T segment, and the development of, or 
Int‘rnal Medicine, College of Medicine, University 


of Cineinnati, and the Cincinnati General Hospital, RS-T segment as compared with tracings made 
Cin-innati, Ohio. 


an increase in, the existing concavity of the 


. i ® aie i Se ee ee . . 
ia - e . res Pals. ‘ Us ¢ 
lhis study was made possible by a grant in aid before —— stion of meal These findings ens 

fro. the Life Insurance Medical Research fund. well be in accord with those of Moia and 
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B.ttle,* who reported alterations characteristic 
of myocardial ischemia in the electrocardio- 
ims made after meals in 27.2 per cent of the 
»tients suffering with angina, although the 
teria used in diagnosing myocardial ischemia 
re not stated. 
in order to study the effect of a standard 
nal on both the electrocardiogram and cardiac 
output in patients with angina, ballistocardio- 
giims were a!so made following meals. 


coronary arteriosclerosis, and a large number of 
these had evidence of previous myocardial infare- 
tions. One patient had rheumatic heart disease, 
and one patient had syphilitic heart disease. Their 
ages ranged from 48 to 70 years. 


ELECTROCARDIOGRAPHIC RESULTS 
Table 1 shows the average difference in elec- 
trocardiographic findings in the patients with 
angina and the control subjects, before meals 
and thirty minutes following meals. 


PATIENT WITH ANGINA 


BEFORE 
MEAL 


AFTER 
MEAL 


Fic. 3.—(Patient with angina) Electrocardiograms made before and thirty minutes following 
a meal. The patient, a 50 vear old white physician, had mild angina. There is depression of the 
RS-T segment in Lead II following the meal. The patient had received no medication. 


METHOD 


lifty-nine patients suffering with angina of effort, 
fifty of whom were patients of the Out-Patient 
Department and the Medical Service of the Cin- 
cinnati General Hospital, were fed ninety-one stand- 
ard mixed meals, consisting of 90 grams carbohy- 
drate, 40 grams protein, and 40 grams fat. Warm 
drinks were given with each meal. Twenty normal 
controls in the same age group, consisting mainly 
of employees at the Cincinnati General Hospital, 
an ranging in age from 50 to 70 years, were given 
sii ilar meals. Electrocardiograms and ballistocardi- 
ims were made in both groups before meals and 

ty minutes following the meals; the subjects 
‘ed fifteen minutes before ballistocardiograms 
e made. The electrocardiograms included limb 

is, six standard unipolar chest leads, and aug- 
cated unipolar extremity leads. Only patients 
) gave a typical history of precordial pain on 
tion, relieved by rest or nitroglycerin, were 
uded in this study. Fifty-seven patients had 


Approximately 25 per cent of the patients 
with angina showed a 0.5- to 1.0-mm. depres- 
sion of the R§-T segment, and the develop- 
ment of, or increase in, existing concavity of 
the RS-T segment. In some of the patients 
the segment shift occurred in one or more of 
the limb leads, while in others the change 
was apparent only in one or more of the V 
leads. No member of the control group showed 
a shift of the RS-T segment. In 10 patients 
extrasystoles occurred, while this change was 
not noted in the controls. In 20 per cent of 
the patients with angina, inversion of the T 
wave appeared following meals in one or more 
of the leads. One of the members of the con- 
trol group showed T-wave inversion following 
the meal. This change was found in Lead III. 
In 2 patients with angina, amplitude cf the 
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Fic. 4.—(Patient with angina) Electrocardiograms made while the subject was fasting and thirty 
minutes, sixty minutes, and ninety minutes following a meal. This patient was a 50 year old Negro 
woman with hypertensive, arteriosclerotic heart disease, and angina. The electrocardiogram did 
not demonstrate return to the fasting state until sixty to ninety minutes after the meal. 
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1022 EFFECT OF MEALS ON ECG 


T wave increased following the meal. Both 


of the patients showing increased voltage of 


neals had severe angina, 


T m 


T waves following 


AND BCG IN ANGINA PECTORIS 


decreased amplitude in the ballistocardiogram, 
Eleven patients with angina showed no ap.- 
parent change in amplitude following meals. 


AFTER MEAL 


Fic. 7.—Electrocardiograms of a patient with angina made before and thirty minutes following 


a meal. The T wave in Lead II has become diphasic. 


and one patient died while asleep. Five of the 
patients with angina complained of chest pain 
following the meal, and these patients showed 
no distinct alterations in the electrocardiogram 
as compared to other members of the group. 

Figure 1 shows electrocardiograms of a nor- 
mal subject made before and thirty minutes 
following a meal. Figures 2 to 7 show electro- 
cardiograms of patients with angina made be- 
fore and after meals. 


BALLISTOCARDIOGRAPHIC RESULTS 


In 23 patients, ballistocardiographs were 
made before and following meals. Five patients 
with angina, not in congestive failure, in whom 
the tracing conformed to a normal pattern, 
showed the ballistocardiographic changes fol- 
lowing meals which are summarized in table 2. 

In 18 patients with angina, the bailistocar- 
diograms were distinctly abnormal in pattern, 
and since the formulas for abnormal patterns 
have not been derived the cardiac output could 
not be calculated. Of these 18 patients, how- 
ever, only 4 showed a slight increase in ampli- 
tude following meals, while 3 patients had 


TaBLe 2.—Ballistocardiographic Changes before 
ani following Meals in Patients with Angina, not in 
Congestive Failure, and in Control Subjects. 


30 Minutes Following. 
Meals (Liters, Mir 


Before Meals (Liters/Min) Angina 
not in congestive failure) 


8.2 
5.1 
4.8 
7.0 
6.5 


31.6 


Controls 


8.4 
6.6 


42.9 (+24' 


Ballistocardiograms, made before and thi: y 
minutes following a meal, of a normal indiv |- 
ual and a patient with severe angina are sho’ 1 
in figures 8 and 9 respectively. 
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Fic. 8.—(Normal subject) Ballistocardiograms, made before and thirty minutes following a 
meal, showing normal response to meal with increase in cardiac output. The patient, C. G., was 
a nurse 52 years of age. She had no organic heart disease. 


AFTER MEAL 


Fic. 9.—(Patient with angina) Ballistocardiograms, made before and thirty minutes following 
a meal, showing decrease in cardiac output. The patient was a 53 year old white machinist with 
severe angina. He died while asleep. 
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DIscUSSION 

It is of interest that no member of the 
control group showed an RS-T shift following 
the meals, in contrast to the appearance of 
depressed RS-T segments in 25 per cent of the 
patients with angina. The greater frequency 
of premature ventricular contractions and T- 
Wave inversions in the group with angina, as 
compared to the control group, may be sig- 
nificant. 

In normal individuals it has been pointed 
out that the ingestion of food results in an 
increased cardiac output, varying from 0.5 to 
2.0 liters in different individuals, depending 
upon such factors as size and composition of 
the meals.*° In our series the average cardiac 
output following meals increased 1.4 liters (24 
per cent) in the control group, while the pa- 
tients with angina, not in congestive failure, 
failed to show a significant change. The in- 
ability of the patients with angina to increase 
the cardiac output significantly following meals 
seems striking enough to suggest that this find- 
ing may be utilized in attempting to evaluate 
cardiac status in patients with angina. In gen- 
eral, the ballistocardiographic results were more 
informative than the electrocardiographic find- 
ings. 

Many authors have pointed out the extra- 
cardiac influences exerted on the coronary ar- 
teries,*-" and von Bergman® and Gilbert and 
associates®:* have shown that coronary flow 
may be reduced by distention of the stomach 
or abdominal cavity. Gilbert, Fenn, and Le 
Roy® also have shown that atropine is able 
to improve the after-meal tolerance for 10 per 
cent oxygen in patients with angina. Studies 
are now in progress to determine the influence 
of atropine on the after-meal electrocardiogram 
and ballistocardiogram in patients with an- 
gina.'® Preliminary work tends to substantiate 
Gilbert’s view that increased incidence of an- 
ginal pain following meals need not be explained 
solely by increased cardiac work, but may 
well be explained in part by reflex coronary 
vasoconstriction as a result of gastric or ab- 
dominal distention.” 


SUMMARY 


1. In 59 patients with angina of effort, 25 
per cent showed a 0.5- to 1.0-mm. depressi 
of the RS-T segment, and the development 
or an increase in, the existing concavity 
the RS-T segment, following meals. Non 
controls did not show this change. 

2. Premature ventricular contractions 
inversion of the T wave were found more j;e- 
quently in patients with angina following me 
than in normal individuals. This finding m 
be significant. 

3. The patients with angina were unable ‘o 


increase the cardiac output significantly follo 


ing meals as compared to normal individuals. 
It is suggested that this finding may prove to 
be of value in evaluating cardiac function in 
patients with angina. 
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The Variability of Cardiac Output Estima 
tions Made with the High-Frequency 
Undamped Balistocardiograph 


By Ropert M. Parne, M.D., AND NaTHAN W. Suock, Pu.D. 


Recordings of the ballistocardiogram were made on successive days in a group of subjects free from 
clinical signs of heart disease. The effects of ambulation and meals on the recordings were evaluated 
A small but measurable increase in cardiae index following meals was observed. Signifieant indi 
vidual differences were found. In order to obtain comparable ballistocardiographic records, it is 
important for the patient to fast for four to five hours preceding the measurements. However, 
familiarity with the procedure and prior bed rest are not essential. Only one set of calculations by 


one observer is required. 


VIDENCE has been presented by Starr! 

that preclinical coronary disease can be 

detected by means of the ballistocardio- 
graph. In a series of 90 persons selected as 
normal subjects for ballistocardiographic study, 
a number were found to manifest frank coro- 
nary artery disease in the course of a ten-yeai 
followup. Of 4 subjects with abnormal wave- 
form in the original ballistocardiogram, 3 de- 
veloped coronary artery disease. Twelve addi- 
tional subjects who developed coronary artery 
disease originally had normal waveform but 
were found to have had a significantly lower 
estimated cardiac output than did the others 
in the group. It thus appears that a means is 
available for detecting coronary artery disease, 
or perhaps more correctly, myocardial abnor- 
mality, earlier than has been heretofore pos- 
sible. 

That absolute cardiac output may be de- 
termined by the ballistocardiograph has been 
frequently questioned. Indeed, Hamilton and 
co-workers”: * have estimated the pattern of 
ballistic forces theoretically expected and be- 
lieve that the maximum instantaneous force 
should be four times that actually recorded. 
There is also evidence that the velocity of car- 
diac ejection is a factor which influences both 
the form and the amplitude of the ballistocar- 
diogram.* Standing waves in the aorta are 


From the Section on Cardiovascular Diseases 
and Gerontology, National Heart Institute, National 
Institutes of Health, Bethesda, Md., and the Balti- 
more City Hospitals, Baltimore, Md. 


thought to contribute substantially to the later 
waves. Despite these apparent handicaps, the 
ballistocardiograph provides a good empiric 
measure of cardiac output. Agreement wiih the 
direct Fick method? is essentially the same as 
is the agreement’ of other methods with the 
direct Fick.6:7 The ease of single or serial 
determinations with this technic contrasts 
markedly with most other methods. 

In any group of normal subjects there are 
large individual differences in estimated car- 
diac output even when corrected for surface 
area as cardiac index (L./min./M.*) or when 
referred to actual or ‘ideal’ body weight.! It 
would be desirable if means could be found to 
decrease the dispersion of values in the normal 
group in order that subjects with abnormally 
low estimated cardiac index be more readily 
separated from normal subjects. It was with 
this thought in mind that the present study 
was undertaken. 

Little attention has been paid to the extrinsic 
factors which influence the cardiac index as 
estimated by the ballistocardiograph. Starr vnd 
Schroeder*® require subjects to fast for at least 
two hours and to rest supine for fifteen min 
before records are taken. These criteria 
established after considerable experienc: 
taking ballistocardiograms but no data | 
been presented confirming them as satisfac! 

In fact, by the gas method it has been f¢ 
that the ingestion of food results in an incre: 
‘ardiac output lasting as long as six hours, 
pending upon the amount and nature otf 
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foo! taken. Carbohydrate stimulates the most 
rapi | rise and fall, protein response is slower, 
and ‘at is the least effective and slowest stimu- 
lant ' Smoking is thought to increase cardiac 
outyut although the response is small and vari- 
able '! 

A cording to Tanner the standard error of 
estiiate of stroke volume of one ballistocardio- 
orap hie determination from another taken five 
minutes previously is 4.8 per cent.’ Grollman 
has reported the cardiac output as determined 
by ‘he acetylene method to be remarkably 
constant in duplicate determinations and from 
day to day in a small number of subjects.'!° He 


J 


I OK 


Fig. 1—A typical ballistoeardiographic complex 
labeled according to the convention. 


found this to be true whether studies were 
performed on a strictly basal or on a fasting 
“outpatient”? basis. Day-to-day reliability of 
the ballistocardiogram has not been estimated. 


Meruops 


‘he ballistocardiograph was of the horizontal 
frequency undamped type.'* The natural fre- 
quency of the bed with respect to its frame was 12.6 
eyeles per second when loaded with 150 pounds of 
iron weights. By means of a capacitance pick-up 
device and a Hathaway SI4A oscillograph, records 
were made on photographie paper. The calibration 
was such that a force of 280 Gm. applied to the bed 
causod a displacement of one centimeter on the 
reed. Time lines were recorded at 0.01 second 
inte vals. 

‘vere is a considerable respiratory variation in 
the size of the ballistocardiographic complexes. In 
rea’ ng the records, therefore, (fig. 1) a representa- 
tive respiratory cycle was determined by inspection 
anc the largest and smallest complexes in that cycle 
sel ted for measurement. A baseline was drawn in 
by uspection from diastolic phase to diastolic phase. 
Thy area of the I-wave and of the J-wave in each 
of | .e two complexes was approximated by assuming 
eae wave to be a triangle and measuring the alti- 


tude from apex to base of each to the closest half- 
millimeter and the base of each to the nearest 
hundredth of a second. All measurements were made 
to the upper border of the tracing in order to avoid 
errors due to the thickness of the galvanometer spot. 

The average areas of the I-wave and J-wave 
(mm.-see.) were substituted into Tanner’s formula": 


Stroke volume in cc./min. = 100V (2 I and J) VC 
where C represents the duration of a cardiac cycle in 
seconds. 


Cardiac output Stroke Volume X Pulse Rate 


(L./min) ~~ 4000 


Cardiac index | Cardiac Output (L./min.) 


(L./min./M2) Body surface area (M.*) 


All values were recorded as cardiac index. Body 
surface area was estimated from height and weight 
by the DuBois formula. 

Means and standard deviations of the distribution 
were computed for each group of data. Comparisons 
between determinations made under differing cir- 
cumstances were made according to the t-test of 
Fisher.!5 Differences were considered significant at 
a probability level of 5 per cent or less. 

Ten male hospital inpatients were studied who 
had received intensive (two-day) antiluetic therapy 
and were afebrile and ambulatory without treat- 
ment for at least five days before this study. Ten 
male laboratory workers were also employed as sub- 
jects. All subjects had normal cardiovascular systems 
by history, physical examination, unipolar electro- 
cardiograms and teleroentgenograms. 

The inpatients were kept basal for fifteen hours 
overnight and in the morning were transferred to 
the ballistocardiographic bed by surgical cart with 
as little exertion as possible. They were reassured 
and kept comfortable but the procedure was un- 
familiar to them. After the initial determination, 
subjects were allowed normal ambulatory activity 
for the remainder of the day except for a fifteen 
minute rest prior to each determination. Hourly 
measurements of cardiac index were made and a 
substantial standard meal (P, 33 Gm.; CHO, 110 
Gm.; fat, 35 Gm.; calories, 888) was eaten from 
11:30 to 11:45 a.m. No other food intake was al- 
lowed throughout the day and smoking was for- 
bidden. Water was allowed ad lib. Beginning at 2:45 
p.M., determinations were made at five-minute in- 
tervals while resting supine for forty minutes. The 
entire routine was repeated the following day. 

The “outpatient” laboratory personnel were simi- 
larly studied but they were allowed to spend the 
night at home and came to the laboratory in the 
fasting state. All were familiar with the procedure 
and they were studied one day only. 

The mean age of all subjects was 24.4 years; 
mean surface area was 1.84 M2 








L. /min./M2 


CARDIAC INDEX 
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RESULTS 

The mean basal cardiac index of 20 subjects 
was 3.35 L./min./M2 (standard deviation of 
the distribution = 0.54 L./min./M.’), which 
compares favorably with values published for 
the method of right heart catheterization by 
Cournand and co-workers'* of 3.12 and by Stead 
and co-workers” of 3.30 L./min./M.’. 

After the subjects were allowed to be am- 
bulatory, but while they were still fasting, 
there was no change in the cardiac index (fig. 
2, compare values at 9:00 and 10:00 a.M.). 
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Fic. 2.—Mean cardiac index of 20 subjects who 
were basal at 9:00 a.m., ambulatory thereafter, and 
who ingested a standard meal at 11:30 a.m. The eleva- 
tion from 12:00 to 3:00 p.m. is significant. 


After ingesting the standard meal there was 
a significant increase in cardiac index of about 
12 per cent above the basal and ambulatory 
levels which persisted for at least three and one- 
half hours and appeared to return to the base- 
line only after five and one-half hours (figs. 2 
and 3). 

In view of the demonstration by Hickam 
and co-workers that the tension of impending 
academic examinations increased cardiac in- 
dex in their subjects, emotion might be ex- 
pected to be a factor in routine ballistocardi- 
ography. In this case, however, all mean values 
throughout the second consecutive day were 
not significantly changed from those of the 


VARIABILITY OF CARDIAC OUTPUT ESTIMATIONS 
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first day (fig. 3).* Furthermore, the mean pulse 
rate was 64 per minute and the highest noted 
on any occasion was 84 per minute. Nor did 
subjects familiar with the procedure, the *out- 
patients,” differ from those unfamiliar ith 
it, the hospital inpatients (fig. 3). The lal.ora- 
tory personnel also spent the night at |ome 
prior to study and still did not differ fron. the 
strictly basal subjects. 

Determinations made within one minu‘e of 
reclining and at short intervals thereafte: for 
forty minutes showed no significant change 
(fig. 4). It thus appears that the ballistoca cio- 
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Fic. 3.—Mean cardiac index of 10 hospital in- 
patients studied throughout two consecutive days 
and of 10 laboratory workers (‘‘outpatients’’) studied 
throughout one day. Values at any given time do 
not differ significantly from one another. 


lpm 


gram can be recorded as soon as the subject is 
comfortable and the apparatus adjusted. 

The standard deviation of the distribution, 
representing the dispersion of values about the 
mean, Was not significantly diminished under 
any of the circumstances of study. 

Duplicate selections of complexes and du pli- 


*On seattered occasions in this laboratory, as 
much as a 50 per cent increase in cardiac index )as 
been observed in response to emotional stimuli 0! ver 
than those attendant to taking ballistocardiogrs 1s. 
The possibility of such influence in some subj: 's 
must be kept in mind but is probably not import it 
in routine ballistocardiography. 
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eric calculations by the same or by a second 
ob-erver demonstrated no systematic error to 
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‘ic. 4.—Mean eardiac index of 10 subjects resting 
supine. Determinations made within one minute 
after reclining did not differ significantly from those 
made in the following forty minutes. 
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Seatter plot of duplicate determinations 
same observer from different respiratory 
es of the same record. Mean of first estimations = 
3.544. N = 90. 
.93. Standard error of estim- 


IG. 5.- 


the 


Mean of second estimations = 
relation coefficient = 
= 0.168 L./min./M.?. 


introduced by the observer (figs. 5 and 6). 
ubling the number of measured complexes 
‘eased the standard deviation of the dis- 
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tribution only from 0.468 L./min./M.? to 0.457 
L./min./M.2 (N = 162). 

A statistical analysis of variance!® was per- 
formed on the data obtained from 7 subjects 
while resting supine for 20 minutes.* The results 
are shown in table 1. In order of decreasing 
importance, the following factors were found 
to contribute to the total variance: (1) the 
subjects, (2) interaction between subject and 
time, and the factor time itself, and (3) residual 
error. The same relationship is found when the 


CARDIAC INDEX - FIRST OBSERVER 
w w = > 
> w oOo wn 


~m 
w 


25 30 35 40 45 
CARDIAC INDEX-SECOND OBSERVER 
Fic 6.—Seatter plot of duplicate determinations 
by different observers from different respiratory 
cycles of the same record. Mean of first observer = 
3.65. Mean of second observer = 3.68. N = 90. Corre- 
lation coefficient = .91. Standard error of estimate 
= 0.191 L./min./M.?. 


effect of eating is also included. This demon- 
stration that the differences between individ- 
uals are greater than other sources of variance 
even in normal subjects lends encouragement 
to future attempts to distinguish between in- 
dividuals by means of the ballistocardiogram. 


*The analysis of variance is a statistical device 
for determining the significance of the contribution 
of different sources to the total variation in a set 
of observations. In this case, duplicate determina- 
tions on each of 7 subjects were performed at five- 
minute intervals for twenty minutes. The data were 
arranged in a grid configuration and the proportion 
of the total variance due to each factor (individual 
differences in subjects, time of measurement in the 
series, interaction between subjects and time, and 
residual error) was computed. 
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The residual error includes that of measure- 
ment of complexes and particularly when one 
is presented with a small number of ballisto- 
cardiographic complexes per respiratory cycle 
from which to choose. Obviously it is the un- 
usual cycle in which complexes occur by chance 
at exact maximum and minimum amplitude. 

A quantitative estimate of the day-to-day 
variability is not possible with the data at 
TaBLE 1.—Analysis of Variance.'* Seven subjects. 
Duplicate determinations were made at five-minute 


intervals for twenty minuies. 


Degrees 
yes e of Variance 
squares Freedom 
Subjects 13.403 6 2.234 
Interaction between sub 
jects and time 1.880 24 .O78 
Time 185 1 046 
Residual error 406 35 012 
6) 
Proba 
E bility 
Subjects/Interaction 28. < 01 
Interaction/Time 1.7 > .05 
Time/ Residual error +.0 <.01 


hand. It appears, however, to be little greater 
than that between two determinations made at 
five-minute intervals. 


CONCLUSIONS 


In order to attain the least variation con- 
sistent with economy of effort, the ballistocar- 
diogram should be recorded as follows: 

1. Subjects may be allowed to stay at home 
overnight, and may be ambulatory, but they 
should fast at least three and one-half and 
probably five and one-half hours before the 
records are made. 

2. Records may be taken as soon as the sub- 
ject is comfortable and the apparatus is ad- 
justed. 

3. Unfamiliarity with the procedure on the 
part of the subjects does not appear to be im- 
portant. Under ordinary circumstances the ef- 
fect of emotion is negligible. 

4. Only one set of calculations by one ob- 
server is necessary per determination. 









VARIABILITY OF CARDIAC OUTPUT ESTIMATIONS 
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Diagnosis of Coarctation of the Aorta with 
the Aid of the Low Frequency, Criti- 





cally Damped Ballistocardiograph 


By J. L. Nickerson, Px.D., G. H. Humpureys, M.D., R. A. Derertine, M.D., 


T. C. Fuemine, M.D., anno J. A. L. Matuers, M.D. 


Ballistocardiograms taken with the low frequency, critically damped ballistocardiograph on 17 pa- 


tients having coarctation of the aorta have a characteristic pattern in which the K wave is absent. 
In the patients in whom the coarctation was surgically removed, the pattern returned toward the 


RECENT study by Nickerson! of the 
origin of the IX wave of the ballisto- 
cardiogram has indicated that interfer- 
ence with the flow of blood down the descending 
aorta diminishes or eliminates this wave. The 
purpose of the present article is to report the 
ballistocardiographic findings in a series of pa- 
tients with coarctation of the aorta and to 
demonstrate the changes in pattern appearing 
after surgical repair of the defect. 

The probability of the existence of a coarcta- 
tion in all these patients was decided by clinical 
examination, and a ballistocardiogram under 
basal conditions was made. The ballistocardio- 
graph used was the low-frequency, critically 
damped instrument designed by Nickerson and 
Curtis? and tested by comparison with the di- 
rect Fick method by Nickerson, Warren, and 
Brannon.” Ballistocardiograms were also made 
postoperatively on those patients on whom 
operative procedures were undertaken. The 
first of these records was usually made about 
two weeks after operation and subsequent. rec- 
ords were made when the patient returned to 
the hospital for examination. The records were 
made both with and without breath-holding, 
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normal type with reappearance of the K wave. 





the cardiac output being computed from the 
records made during quiet breathing. Elect ro- 
cardiograms were recorded simultaneously with 
the ballistocardiograms. 

Seventeen patients with clinical diagnosis of 
coarctation of the aorta were studied. These 
patients ranged from 4 to 48 years of age with 
13 of them in the second and third decade of 
life. Three of these patients were without symp- 
toms while 14 had symptoms varying from 
slight fatigue on walking to pain, palpitation, 
coldness of the lower extremities, weaktess, 
and dizziness. Two patients showed mental re- 
tardation. 

Before operation the resting blood pressure 
in the upper extremities was in general high, 
ranging from 139 96 to 230/110, with an aver- 
age for the whole group of 169/93. The pressure 
in the lower extremities was obtainable in ouly 
6 of the patients and in these the systolic 
value averaged 72 mm. below the values in the 
upper extremities. 

After operation the patients so treated 
showed an average fall from their preoperative 
pressures of 21 mm. systolic and 6 mm. «iis- 
tolic in the upper extremities. The pressures in 
the lower extremities in these patients had |ve- 
come measurable after operation with a systv ic 
value averaging 16 mm. below the upper-liin) 
postoperative systolic pressure, and a diast: 
pressure averaging 9 mm. above the upper-lii) 
postoperative diastolic pressure. 

Seven patients showed no notching of 
ribs. Four patients showed minimal notchi ¢ 
while the remaining 6 had marked notch. 
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Fic. 1.—Ballistocardiograms made with the low-frequency, critically damped ballistocardiograph 


na group of patients with clinically diagnosed coarctation of the aorta. 


the presence of large col- 


ol ve ribs. The angiocardiogram’ demonstrated In one patient only, 


lateral vessels was shown without correspond- 


cov ctation definitely in 10 patients while 3 
ing narrowing of the aorta. In one patient the 


hh juestionable narrowing of the large vessel. 
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angiocardiogram showed no abnormality al- 
though a coarctation was demonstrated at op- 


eration. In 2 
not made. 


In addition to the finding of coarctation of 


the aorta at operation, 3 patients showed aortic 


J. Ke, 18 yrs., Pre-Op., Hi 63, BP 1446/8 


J. He, 25 yra., Pre-Op., Hk 100, BP 170/100 


Fic. 2 


aorta 


insufficiency and two patients, patent ductus 
arteriosus. 

The ballistocardiographic patterns of all these 
subjects with coarctation show one striking 
feature in common, namely, the absence of the 
K wave. The ballistocardiograms of the pa- 


tients upon whom operation was not performed 


2 patients angiocardiograms were 
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are shown in figure 1. The pre- and post 
tive ballistocardiograms of the patients 
surgical repair of the coarctation are shi 
figure 2. The generation of the IX wave a 
to be due mainly to the footward ii 
produced when the systolic rush of bloo 


E, de Le, Post-Op. 17 days, Hk 95, BP 156/7% 


J. He, Post-Op. 24 deys, HK 103, BP 142/88 


sallistocardiograms made before and after operation on patients with coarctation of th 


the descending aorta is slowed in its cou 
its accumulation in the lower portions o! 
vessel. When the aorta is constricted, this 


of blood is absent and absent also is the im 


which would carry the critically damped sy 
across the base line of the pattern to pro 
the KX wave. 
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An -xamination of figure 2 shows that the small K wave, has now, a year later, a well- 
opera ve procedures which improve the flow developed K wave (fig. 3). This patient had a 
of bl. 4d down the descending aorta also restore subelavico-aortic anastomosis and the improve- 


U. 00, 9 yes, PronOps, 1 6A, BP 170/112 We 0,, Post~Op, 19 days, HR 93, BP 150/78 
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Fig. 2.—Cont’d. 
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hic. 3.— Ballistoeardiograms on Patient J. H. of figure 


2 made one vear after operation. 
allistic pattern toward normal with the 
irance of a KX wave. Patient J. H., in whom 
arly postoperative pattern showed only a 


ment is probably due to the gradually inecreas- 
ing effectiveness of the new aortic channel. 
Similar observations on the absence of the 
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IX wave in coarctation of the aorta were re- 
ported recently by Brown, Hoffman, and De 
Lolla* using a ballistocardiograph of the Starr 
type (high-frequency and undamped). How- 
ever, in our experience the coarctation type 
pattern is more clearly and consistently shown 
in the critically damped system than with the 
undamped system.! 


SUMMARY 


The recording of low-frequeney, critically 
damped ballistocardiograms of 17 patients with 
clinically diagnosed coaretation of the aorta 
shows in all the patients a pattern characteristic 
ot the syndrome. This characteristic sign is 
the absence of the IKK wave of the pattern. In 
the 7 of these patients on whom operative re- 
moval of the coarctation was performed, the 


pattern shows a return to normal with 1 


tion of the IX wave. 
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ctrokymographic Studies in Insufficiency of 


the Aortic and Pulmonic Valves 


By Wowarp E. Heyer, M.D., Ernest Poutos, M.D., AND JuLiAN H. Acker, M.D. 


he following paper describes the results of electrokymographic studies performed on patients 
ith proved aortic insufficiency. Alterations in the shape of the aortic ejection curve were found 
wl were accompanied by a diminution or absence of the incisura in the presence of insufficiency 
the aortic valves. Alterations in heart border motion of the ventricles were also found. The 
sible dynamic factors responsible for these changes are discussed and the clinical application 
the electrokymograph to aortic and pulmonic valvular disease is pointed out. 


NCE of the 
ater-hammer pulse of aortic insufficiency 
) 1832, numerous studies of the altera- 
in circulatory dynamics have been  re- 
In human 
by means 


Corrigan’s' description 


beings, Muaclxenzie? re- 
of the polygraph, the 
teristics of the peculiar pulse present in 
ition with this disease. Feil,? using optical 
ids of recording, has obtained recordings 
arterial pulse wave in patients similar 
se recorded by MacKenzie. By means of 
entgenkymograph, records of the border 
n of the heart and great vessels have been 
wd in patients with aortic valvular dis- 
The roentgenkymographic method has 
1 inherent limitations, however, including 
lative crudeness of the method of record- 
nd the difficulty of obtaining accurate 
rements of the duration of various por- 
ft the cardiac cycle for any given chamber 
ssel. Although careful studies, utilizing 
i] means of recording, have been made 
pressure pulses in the ventricle and aorta 
imals with artificially induced aortic in- 
ency, such direct methods of recording 
not been systematically recorded in the 
n patient. 
‘ently Henny, Boone, and Chamberlain® 
introduced an of re- 
ne the border motion of the heart and 


accurate method 
vessels by means of the electrokymo- 
1. Tracings of the ventricular border mo- 
recorded optically with this instrument 
revealed a marked similarity to volume 


m the Department of Internal Medicine, South 
n Medical College, Dallas, Texas. 
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curves of the heart obtained in animals by 
means of the cardiometer. Records of border 
motion of the great vessels closely resemble 
those obtained from intra-aortic pressure trac- 
ings. 

It is the purpose of the present study to 
record the alterations from the normal in such 
tracings, obtained by means of the electroky- 
mograph, in a group of patients suffering from 
insufficiency of the aortic and pulmonic valves. 
Evidence will be presented that tracings of the 
great vessels with insufficient valves reveal a 
characteristic contour, and that the records of 
ventricular border movements in some patients 
may also show certain alterations. In addition, 
data indicative of alterations in the duration 
of certain portions of the cardiac cycle will be 
presented. Finally, the ability to determine 
the site or origin of a parasternal diastolic mur- 


mur (i.e., to ascertain whether insufficiency of 


the aortic or pulmonic valve exists) by means 
of such electrekymographic¢ tracings will be il- 
lustrated. 


Metruop and MATERIAL 


The apparatus used consisted of the 931-A GE 
photo-electron multiplier tube and potentiometer 
(as described by Henny and co-workers*), Cam- 
bridge electrocardiograph (with sound and_ pulse 
recorder), and a fluoroscope with a tilting table. 
Kighty kilovolts and 4 milliamperes were used, and 
the electrocardiograph paper was run at 50 mm. per 
second. The galvanometer string was standardized 
so that 1 millivolt gave a 2-em. deflection. The 
coarse adjustment of the potentiometer was set at 
5 while the setting of the fine adjustment was varied 
for the individual. The tracings were recorded in 
the posteroanterior, left anterior oblique,:and right 
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anterior oblique views. The 30 normal subjects were 
medical students ranging from 19 to 30 vears of age. 
Twenty-two patients with aortic insufficiency from 
the outpatient and ward services of Parkland Hos 
pital were studied. The patients ranged from 14 to 
65 vears of age. Of those with valvular disease, in 
6 the origin was rheumatic and in 16 syphilitic. In 
each patient with aortic disease, definite clinical 
evidence of insufficiency was present, with charac 
teristic blowing diastolic murmurs, frequently asso 
ciated with evidence of alterations in the peripheral 
pulses, frequently with large pulse pressures, and 
with signs of left ventricular enlargement in all 
patients. Tracings of the aortic knob, ascending 
aorta, pulmonary artery, pulmonary artery seg 
ment, right and left auricles, and right and. left 
ventricles were made. 


RESULTS OF ELECTROKYMOGRAPHIC TRACINGS 
Aortic Insufficiency 


Ascending Aorta. The tracings of the aseend- 
ing aorta were satisfactorily obtained in 15 
patients and are described in the following 
paragraphs according to contour and to dura- 
tion of the ejection phase. 

The majority of the tracings showed a mod- 
erately rapid, smooth, and continuous upswing 
of the first major upward deflection, followed by 
a rounded or somewhat flat peak, and ter- 
minating in a downward direction with the 
beginning of the phase of reduced ejection (fig. 
1, ©). The appearance of the early stages of 
ejection Was, in many cases, not materially 
different from that of the normal tracing. How- 
ever, in four of the tracings the initial rising 
limb was extremely thin and rose rapidly to 
a high summit (fig. 1, B). 

The most constant and striking finding noted 
in these tracings was that there was marked 
diminution (fig. 1, B) to complete absence 
(fig. 1, () of the incisural notches in all in- 


stances. In most cases this vestigial ineisura. 


occurred farther down on the descending limb 
than normally, as has been reported by other 
methods of investigation in animals.’ !° In 
those cases in which the incisura was markedly 
diminished to absent, the descending limb of 
the aortic tracing revealed a rapid, smooth 
descent to the base line, beginning with the 
phase of protodiastole (fig. 1, C). When the 
rate of decline in aortic volume in diastole 
was Observed in various cases, it appeared that 





AND PULMONIC VALVES 


the maximal decline occurred earlier in di istojp 
in the phases of protodiastole and iso) ietyj 
relaxation in the patients with valvular nsuf 


ficiency of the great vessels than in the 1 


ma 
subjects. In the normal group, aortic im 
olten appeared to decline to a greater OVE 


in later diastole than in those patient: with 
aortic or pulmonic insufficiency. 


The phases studied were total, rapic and 
reduced ejection. Since the incisuras th 
aortic tracings were diminished or absen . this 
landmark for determining the end of <  stok 
Was often not available. Total ejection the 


ascending aorta, therefore, was determi: 
measuring the time consumed from th he- 
ginning of the rising limb of the tracing }\ the 
first vibration of the second sound.* ipid 
ejection was measured as the period from the 
beginning of the rising limb to the summit 
of the tracing. Reduced ejection was mes -ired 
from the summit to the second sound. [) will 
be seen from figure 2 that the duration of th 
period of total ejection was prolonged ir 


majority of the patients with aortic insufh- 
ciency, When compared with the normal sub- 
jects. Rapid and reduced ejection were not 
selectively increased, either or both being pro- 
longed in various instances. 

The above findings were true in patients 
who had aortie insufficieney caused by cithe 
rheumatic fever or syphilis. There was no ap- 
parent close correlation with duration o! the 


disease process, age of the patient, pulse pres- 


* We have found the beginning of the second fT 
usually to be coincident with the beginning otf 


of the aortic valves, with the beginning of the se 
of protodiastole (the earliest phase of diastole 
thus with the end of ejection in the ascending 
Owing to ventricular asvnehronism, in some pu 
the right ventricle may cease contraction first 


thus closure of the pulmonic valves would gis 


to the earliest components of the second sou 
such eases the end of systole in the left) ven 
would actually occur slightly later than the ons 
the second sound would indicate. In sueh inst: 
however, measurements from the beginning o 
ejection limb to onset of the second sound would 
2 value which might be slightly less than the 
duration of total ejection, but would not give v 
that were greater than the actual duration. Il 
total ejection may be measured with a fairly 


degree of accuracy by this method 
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Mig. 1. Electrokymographie tracings of ascending aorta, with simultaneous sly recorded carotid 
wlse and sound tracing. Upward movement of EKY tracing indicates an inerease in volume, down- 
ard movements a decrease in volume. (In each tracing, the lowest curve is the ascending aorta 
KY, the curve above it the carotid sphygmogram.) 

A, Normal subject. There is a moderately fast upswing of the rising limb of EKY tracing, with 


well marked incisural notch (denoting closure of the aortie valves) followed by a large rebound wave, 

‘ated high on the descending limb. 

B, Patient with aortic insufficieney. Negro man, 45 years old, with evidence of marked left ventric- 
lar enlargement. Blood pressure 160/20, Corrigan type pulse. Loud, high pitehed, blowing diastolic 
nurmur audible at left sternal border and at first and second right inte rspaces. Reactions to Kline, 
Wassermann and Mazzini tests positive for syphilis. Note sharp, rapid increase in volume in early 
jection phase, followed by a rapid decline in volume. There is a vestigial incisura located far down on 

‘ descending limb of the tracing. The ineisural notch of the carotid pulse, although diminished 
n - ‘pth, is more easily distinguished than the incisura of the aorta in most pulse waves 

C, Patient with aortic insufficiency. Negro woman, 51 years old, with moderate left ventricular 
‘nlargement; vigorous, hyperactive carotid pulsations; moder: itely loud, high-pitched blowing 
liastolic murmur at left sternal border and at first and second right interspaces; rather harsh sys- 
tolic murmur at first and second right interspaces. Reactions to Kline and Wassermann tests posi- 
tive. There is a rather gradual rise of the pulse wave, with a f: airly rapid decline after the summit. 
There is no clearly distinguishable incisural notch, on either aortic EKY or carotid pulse, to denote 
closure of aortic valves. (In tracings 1, B and 1, C, as in subsequent tracings, the diaphragm of the 
sound recorder has been placed laterally, over the apex of the heart, rendering the diastolie aortic 
murmur almost indistinguishable. ) 
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sure, presence or absence of signs of congestive 
tailure, or with the ingestion of digitalis. 

Aortic Knob. The tracing of the aortic knob 
Was satisfactorily obtained in 20 patients and 
these manifested definite changes from the nor- 
mal. As was the case in the ascending aorta, 
the remarkably — di- 
minished (fig. 3, B) or entirely absent (fig. 3, C). 


incisural notches were 


The rising limb was not steep, as has been de- 
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phases of rapid filling, diastasis, and auriey 
systole (fig. 4, B and (). The phase of di 
Was sometimes present provided the ra 
sufficiently slow. It should be noted tha 
the curves of the ascending aorta were di 
tic, those of the left were | 
Although these left ventricular tracing 


ventricle 


often altered as described above, in sor 
tients their contour appeared normal. 


Duration of ejection 
in normal Subjects =@ 


Duration of ejection 
m patients with aortic 


insufficiency =9 





1.0 Le. 


Klectrokymographie tracings of ascending aorta. Duration of ejection phase inp: 


tients with aortic insufficiency (open circles) compared with that of normal subjects (solid blac 


circles). The duration of ejection is longer in most patients with aortic insufficiency than in norm: 


subjects with comparable evele lengths. 


scribed above in several cases, but was as grad- 
ual as the normal. The peak was rounded but 
rarely flat as in some of the ascending aorta 
tracings. 
Ventricle. 
ings which were susceptible to analysis. The 


There were 16 left ventricular trac- 


general contour of the systolic portion of the 
tracing was not altered. However, the diastolic 
section of the curves frequently showed aber- 
rations from the normal. The periods of iso- 
metric relaxation, rapid filling, and diastasis 
usually show well-defined changes in gradient 
in the electrokymographic tracings of the ven- 
tricles of normal subjects (fig. 4, 4). In place 
of the normal contour of the ventricular curve, 
there was frequently a rather smooth con- 
tinuous upswing with poor delineation of the 


Carotid Artery. The tracings of the ¢: 
artery, obtained by placing a cup agains 
vessel and utilizing a segment capsule 
optical recording, usually showed a cot 
similar to that of the aortic electrokymog 
with a diminished or absent incisura \ 
frequently occurred low on the descending 
of the pulse wave. However, a point of 
interest was the finding that in a few pat 
with aortic insufficiency incisural notches 
sometimes present on carotid tracings + 
though they were completely absent on 
electrokymographic tracings of the aortic k 
(fig. 6, B). Although no explanation was 
parent to account for this persistence ol 


carotid incisural notch under such conditi 
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Fic. 3.—FEleetrokymographie tracings of aortic knob. (In each tracing, the lowest curve is the 
ortic knob EKY, the curve above it the carotid sphygmogram.) 

A, Normal subject with well marked incisura denoting aortic valve closure. 

B, Patient with aortic insufficiency ; 58 year old woman. Blood pressure 140/62; marked left ven- 
ricular enlargement with loud blowing diastolic murmur audible at first and second right inter- 
spaces and at left sternal border. Numerous previous arm and hip injections for syphilis; reactions to 
serologic tests at time of examination negative. There is a poorly marked vestigial incisura seen on 
—_ knob EKY. The incisural notch is slightly better marked in the carotid pulse. 

Patient with aortic insufficiency; Negro man, age 47 vears. Admitted with acute polyarthritis 
diz laden acute rheumatic fever; history of ‘leakage of heart’? known for twenty vears. Blood 
pressure 180/80; diastolic blowing murmur at first and second right interspaces. Reaction to Mazzini 
test negative. Descending limb of EKY shows marked and abrupt decline in aortic volume with 
practically absent incisural notch. The greatest decline in aortic volume is seen to occur in early 
diastole. There is a well marked carotid incisura. 


uld suggest that the aortic electrokymo- these means. The periods of rapid ejection were 
| Was a more reliable method of determin- variable on the carotid artery records, and their 
ilterations in the pulse wave contour than contour often differed considerably from that 
the carotid artery tracing obtained by of the aortic tracings. 
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Fic. 4.—Electrokymographic tracings of left ventricle. Downward limb of EKY indicates a de 
crease in volume accompanying systole, upward movement indicates an increase in volume in di 
astole. (In each tracing, the lowest curve is the left ventricle EKY, the curve above it the carotid 
sphygmogram. ) 

A, Normal subject. Arrow denotes sharp and well defined increase in volume in rapid-filling 
phase of diastole, due to normal filling from auricle, followed by resting phase of diastasis*and by 
terminal inerease in ventricular volume probably due to auricular systole. 

B, Patient with aortic insufficiency and previous congestive failure: Negro man, age 59 vears 
Moderate left ventricular enlargement, diastolic murmur audible at left sternal border and second 
right interspace. Blood pressure 120/56. Reactions to Kline, Wassermann and Mazzini tests positive. 
Phases of rapid filling and diastasis are poorly delineated with a somewhat smooth, continuous 
upswing in diastole. Note well defined incisural notch of carotid pulse. 

', Patient with aortic insufficiency ; Negro man, age 40 years. Marked left ventricular enlargement, 
hyperactive carotid pulsations, blood pressure 150/76. Loud, blowing diastolic murmur at left ster- 
nal border and upper right sternal margin. Wassermann reaction 4+. As in the previous patient, 
the rapid filling phase and phases of diastasis and auricular filling are poorly marked and replaced by 
a rather gentle upward gradient of filling of the ventricle. 
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{ddit onal. Findings. murmur heard at the base of the heart and 
Pu vonary Insufficiency. In one patient along the left sternal border, with normal pulse 
yhos' clinical diagnosis was tetralogy of Fal- pressure, and with no peripheral signs of aortic 
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Fic. 5.—Electrokymograms of pulmonary artery. (In each tracing, ‘the lowest curve is the pul- 
monary artery EKY, the curve above it the carotid sphygmogram. ) 

A, Normal subject. Incisural notch, although normally located fairly far down on descending 
limb, is well marked, indicating closure of pulmonic valves. 








B, Patient with congenital cyanotic heart disease. Clinical diagnosis: Tetralogy of Fallot ecom- 
plicated by pulmonary insufficiency. Cyanosis since infancy; patient frequently preferred squatting 






position. Moderate clubbing of fingers. Heart globular, normal size; rough, very loud systolie mur- 
mur at left sternal border, transmitted widely. Moderately loud diastolic blowing murmur at second 
left interspace. Lung fields showed relative diminution of lung markings and angiocardiography re- 
vealed stenosis of pulmonary artery with evidence of poststenotie dilatation. (Subsequent Blaloek- 
Taussig procedure performed, with marked improvement in cyanosis and well-being.) Note complete 







absence of incisura on descending limb, with sharp and well defined incisura of carotid pulse. The 
electrokymographic tracings of the aorta in this patient (not shown) revealed a well defined incisural 
notch. 








lot. angiocardiographic studies demonstrated a insufficiency. Electrokymographic tracings of 
ste osis of the pulmonary artery. The patient the pulmonary artery in this patient showed 
als’ had a loud, well defined diastolic, blowing the absence of an incisural notch (fig. 5, B) 
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while the tracings obtained from the aorta Aortic Stenosis. In 2 patients there was def. 
definitely exhibited these notches. Normal pul- nite clinical evidence of aortic stenosis « mpli- 
monary artery tracings, as seen in figure 5, A, cating the aortic insufficiency. In thes. ty, 
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Fic. 6.—Patients with aortic stenosis and aortic insufficiency. (In each tracing, the lowest curve 
is the ascending aorta EKY, the curve above it the carotid sphygmogram.) 

1, EKY of ascending aorta in 31 year old man with aortic stenosis. History of ‘inflammatory 
rheumatism”’ at age 9 years. Marked cardiac enlargement; very loud harsh systolic murmur at first 
right interspace transmitted into neck vessels, followed by blowing diastolic murmur in same area 
After an initial ejection phase of rapid increase in volume there is a well defined change in gradient 
(indicated by arrows) with more gradual increase in volume to the summit. The descending limb 
shows no definite incisural marking. Immediately following the larger pulse waves are smaller ones 
due to premature ventricular contractions. 

B, Patient with aortic stenosis and insufficiency; 64 year old white woman. Acute rheumatic 
fever in early adult life, recent congestive failure. Marked cardiac enlargement. Harsh systolic 
murmur at first right interspace, transmitted into neck vessels; blowing diastolic murmur in same 
area, also audible at left sternal margin. Separate harsh systolic and rumbling diastolic murmurs 
at apex. Reactions to serologic tests for syphilis negative. Note similar change in gradient of as 
cending ejection limb and poorly defined incisural noteh of descending limb. In figure 6, B the in 
cisural notch of carotid pulse is well defined. 


se a definite incisural notch. There appeared patients the rapid ejection period of the asccnd- 

» be no doubt, therefore, that the murmur ing aorta was divided into two separate ph: ses 
ei was due to insufficiency of the pulmonic an initial rapid upswing ending abruptly a 
rather than the aortic valves. much slower rise upward (fig. 6, A and 7). 
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ngs of the central arterial pulse, recorded 
ally in patients with aortic stenosis, have 
1 a strikingly similar contour.*~4 


DISCUSSION 


Te electrokymograph has provided an easy 
and iccurate method of studying many aspects 
of ¢ rculatory dynamics in patients. Many of 
thes data are otherwise only obtainable by 
complicated procedures which are undesirable 
or involve some discomfort or hazard. Thus, 
although the registration of pressure pulse 
curves from the aorta, via catheterization of a 
peripheral artery, has been found possible in 
human beings, it is a relatively dangerous pro- 
ced re.” 

1: should be realized that the electrokymo- 
gram provides information regarding the heart 
and great vessels through changes in volume, 
caused primarily by the movement of blood 
through the chambers of the heart and the 
great vessels. The electrokymogram has been 
shown to yield tracings closely resembling intra- 
aortic and intrapulmonic pressure curves ob- 
tained by the direct insertion of cannulas into 
the great vessels in animals or by cardiac cathe- 
terization in human beings.’:* Electrokymo- 
graphic tracings recorded from the ventricles 
have been shown to resemble closely ventricu- 
lar volume curves provided by the cardiom- 
eter: Although positional movements — of 
the heart and great vessels interpose some 
artefacts in the tracings from both instruments, 
nevertheless the general resemblance to records 
obtxined by more direct means is striking, and 
the time relationships of the major events of 
the vardiae cyele are faithfully preserved. 

‘Lhe most striking alteration in aortic trac- 

obtained from patients with aortic insuf- 


fieicney was the abolition or marked diminution 
in ‘ie incisural marking which normally ac- 
con panies the closure of intact aortic valves. 


Alt) ough a close correlation between the esti- 
ma od degree of valvular insufficiency and the 
ext at of obliteration of incisural marking was 
noi possible, in general the more severe the 
evi ence of valvular incompetency, the more 
coi pletely this normal landmark was obliter- 
atc |. This was accompanied by a rapid decline 
in \ortic volume in the early phases of diastole. 


The classic studies of Wiggers and his associ- 
ates’ in animals, utilizing aortic pressure 
curves, have shown similar findings in experi- 
mental aortic insufficiency in animals. Their 
experiments have shown that the early di- 
astolic decline in pressure increases significantly 
in experimental aortic insufficiency, and that 
the abruptness of the pressure decline increases 
with the size of the leak. Furthermore, these 
authors have shown that with larger leaks a 
progressively greater percentage of the regurgi- 
tated blood re-enters the ventricle earlier in 
diastole, in the protodiastolic phase. In this 
connection it should be pointed out that the 
percentage of blood that regurgitates per beat 
varies with the size of the leak, and estimates 
based on experimental data vary widely, rang- 
ing from an insignificant fraction to values of 
over 50 per cent of the stroke volume. 

When the general contour of the aortic elec- 
trokymographiec curves is considered, it is prob- 
able that many factors influence their general 
shape. In some instances the tracings revealed 
a sharp and abrupt discharge of blood in the 
‘arly phases of systole (as in fig. 1, B), with a 
rather rapid decline in volume increase in later 
systole. This rapid ejection of a large volume of 
blood in early systole is due probably in part to 
the presence of increased initial tension existing 
at the onset of systole within the ventricle in 
patients with aortic insufficiency. However, a 
second factor which probably explains the ra- 
pidity of ejection of blood in early systole, is 
that ejection begins at a lower intraventricular 
pressure during systole, owing to the lower 
diastolic level of aortic pressure in most 
cases.?:!° In other instances (as in fig. 1, C) 
this early abrupt increase in volume was not 
noted, and the curves rose more slowly and de- 
clined in a similar fashion. In this connection 
it should be recognized that most of the pa- 
tients were studied in hospital or clinic practice 
and revealed varying degrees of myocardial in- 
sufficiency, which probably influenced the veloc- 
ity and type of ejection that occurred. Another 
factor which may determine the shape of such 
curves, and which Wiggers and Maltby'’ 
thought to be of great importance in determin- 
ing aortic pressure patterns, is the type of 
ventricular contraction exhibited by the ventri- 








cle. Thus, in milder degrees of aortic valvular 


incompetency, the heart contracted usually in 


an “after loaded” fashion, and the ventricular 


and aortic pressure curves mounted rapidly and 


to greatest height in early diastole. In larger 


vortic regurgitant leaks, however, the ventricu- 
lar pattern of response was of a “loaded” type 
Witha more gradual slope in ascent and descent. 
and with the aortic pressure pulse strongly re- 
sembling the ventricular curves. This latter 
explanation may be the fundamental cause of 
the variations seen in the vortic electrokymo- 
grams. However, the possibility of “positional” 
movements also influencing the shape of these 
tracings cannot be excluded. 

When the data regarding the duration of 
ejection are considered, although not finally 
conclusive, they indicate that. the period of 
systole in patients with aortic insufficiency js 
usually prolonged beyond that of normal sub- 
jects. This is probably due to the increased 
volume of blood which the ventricle must expel, 
The attendant increased initia] tension of the 
muscle is also probably of great importance in 
this connection. An increase in the duration of 
systole has been shown to accompany an in- 
creased initial intraventricular tension in ex- 
perimental studies in animals."® Since the initial 
ventricular tension is elevated in experimental 
uorti¢c insufficiency, a similar mechanism is prob- 
ably operative in prolonging the contraction 
phase in patients with such lesions. The possible 
effects of myocardial insufficiency in producing 
such a prolongation cannot be eliminated, how- 
ever. 

The most constant feature of the left ventrie- 
ular electrokymographic tracings was a tend- 
ency to smooth over or eliminate many of the 
phases of rapid volume change. Thus the rap- 
idly filling phase was not well marked in the 
majority of tracings of patients with aortic in- 
sufficiency. Similarly, even with slow rates the 
normal plateau of diastasis and the increase in 


ventricular volume due to auricular contraction 
Were often poorly marked or absent. Although 
such tracings are admittedly not diagnostic in 
nature, they appear to be a deviation from the 
normal pattern. While a sudden marked in- 
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crease in ventricular volume in early dia-tole 
might have been anticipated in large leaks 


this 
finding was not detectable in these trav nox 
“Positional” movements at the apex 0) the 
heart are often marked early in diastol ind 
these may have obscured such a rapid in ase 
in volume in some cases, However, it js 1ore 
probable that the retention of residual blo jn 
a dilated ventricle plus the early regurgit tion 


of blood from the aorta has produced 
alterations. These factors would combine fill 
the ventricle to a considerable degree | 
the onset of rapid filling. In the ease 
chamber of greater volume, the incremen if 
given amount of additional blood from. the 
auricle would produce a smaller change in out- 
ward movement of the ventricular wall, 4 


lese 


lore 
a 
i 


a 


ere 
is reason to believe, from experimental wo | in 
wnimals, that the existence of aortic insuffi- 
ciency, by filling the ventricle in the earliest 


phase of diastole, actually reduces the amount 
of blood which enters this chamber in the nor- 
mal rapid filling phase, which occurs somewhat 
later.” Hence the usual steep outward curve 
of movement normally seen in the rapid filling 
phase would be considerably attenuated and 
its slope diminished, under these conditions, 
The same factors would tend to obliterate or 
obscure the normal plateau of diastasis and 
also the terminal increase in volume due to 
auricular systole. This explanation appears to 
be the most feasible one to explain the altera- 
tions produced in the ventricular electrokymo- 
gram, 

In an individual in whom the origin of a 
diastolic murmur is in doubt, the electrokymo- 
gram may be of considerable help in determin- 
ing whether aortic or pulmonic valvular. in- 
sufficiency exists. From the constancy with 
which variations in the electrokymographic 
tracings were obtained in patients with aortic 
insufficiency, it is probable that they will }e- 
come a laboratory aid of corroborative value in 
the diagnosis of valvular insufficiency of {he 
great vessels. No patient in the present group 
with definite signs of aortic insufficiency failed 
to show the characteristic alterations noid 
above in the aortic electrokymogram. Sine 
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most of these patients manifested clinical signs 
of moderate to large regurgitant aortic leaks, it 
is p sible that very slight degrees of aortic 
insu! ciency might fail to show such aberra- 
tions It also appears that electrokymographie 
trac) gs may be of aid in clarifying the diagnosis 
of acrtie stenosis when systolic murmurs are 
foun) at the base of the heart. 


SUMMARY 


leetrokymographic studies of the heart 
and creat vessels were made in 22 patients with 
clinical signs of aortic insufficiency. 

2. Variations from the normal were noted in 
all patients. These included: (a) A diminution 
or absence of the normal aortic incisural mark- 
ings. (his was a constant finding in all patients. 
(b) \ rapid decline in volume in early diastole. 
(c) Alterations in the general shape and con- 
tour of the aortie tracings. (d) Prolongation of 
the duration of ejection (and hence systole) in 
most patients, compared with normal subjects. 
(e) Variations in the normal ventricular filling 
pattern of the left ventricle with a flattening 
and decrease in the normal changes in gradient 
in many patients. 

3. One patient with pulmonic insufficiency 
revealed abnormalities of the pulmonic and 
right ventricular electrokymograms which re- 
sembled those seen in association with aortic 
insufficiency. 

4. Two patients with aortic insufficiency 
complicated by aortic stenosis revealed definite 
alterations from the normal which are de- 
seribed. 


5. The probable factors operative in causing 


these changes in the electrokymogram, and the 
diagnostic value of these patterns in patients 
are discussed. 


REFERENCES 


RIGAN, D. J.: On permanent patency of the 
outh of the aorta, or inadequacy of the aortic 
ilves. Edinburgh M. J. 37: 225, 1832. 
Krnzik, J.: Diseases of the Heart, ed. 4. 
mdon Oxford University Press, 1925. 

4, H. 8.: Subclavian pulse in aortic valve dis- 
ise. Am. Heart J. 6: 778, 1930. 

z, L. N., AND Fein, H. S.: The transformation 


of the central into the peripheral pulse in 
patients with aortic stenosis. Am. Heart J. 
2: 12, 1926. 

’ Hirscu, J., anp GupBner, R.: Application of 
roentgenkymography to the study of normal 
and abnormal cardiac physiology. Am. Heart 
J. 12: 413, 1936. 

6 HENNY, GEORGEC., Boonr, Bert R., AND CHAM- 
BERLAIN, W. Epwarp: Electrokymography for 
recording heart motion, improved type. Am. 
J. Roentgenol. 57: 409, 1947. 

7 Boonrg, B. R., CHAMBERLAIN, W. Epwarp, GIL- 
Lick, F. G., Henny, G. C., AND OPPENHEIMER, 
M. J.: Interpreting the electrokymogram of 
heart and great vessel motion. Am. Heart J. 
34: 560, 1947. 

8 Luisapa, A. A., FLEISCHNER, F. G., AND Rap- 
Paport, M. B.: Fluorocardiography (electro- 
kymography) II. Observations on normal sub- 
jects. Am. Heart J. 35: 348, 1948. 

® WiaceRs, C. J.: Studies on the pathologie physi- 
ology of the heart. IT. The dynamics of aortic 
insufficiency. Arch. Int. Med. 16: 132, 1915. 

, AND Matrpy, A. B.: Further observations 
on experimental aortic insufficiency. 1V. Hemo- 
dynamic factors determining the characteristic 
changes in aortic and ventricular pressure pul- 
ses. Am. J. Physiol. 97: 689, 1931. 

~: Reflex vasodilatation is not the cause of the 
collapsing pulse of aortic insufficiency. Proc. 
Soc. Exper. Biol. & Med. 12: 55, 1914. 

—, AND GREEN, H.: I. Regurgitation maximum 
and mechanisms for its accommodation within 
mammalian ventricle. Proc. Soc. Exper. Biol. 
& Med. 27: 599, 1930. 

—., THEISEN, H., AND WiuuiAMs, H. A.: Further 

observations on experimental aortic insuf- 
ficiency. Il. Cinematographic studies of changes 
in ventricular size and left ventricular discharge. 
J. Clin. Investigation 9: 215, 1930. 
—: The magnitude of regurgitation with aortic 
leaks of differen sizes. J.A.M.A. 97: 1359, 1931. 
—: Studies on consecutive phases of cardiac 
cycle: Laws governing relative durations of 
ventricular systole and diastole. Am. J. Physiol. 
56: 439, 1921. 

Bazett, H. C., Lapuace, L. B., anp Scort, J. C.: 
The estimation of cardiac output from blood 
pressure and pulse wave velocity. Measure- 
ments on subjects with cardiovascular disease. 
II. Aortic regurgitation. Am. Heart J. 22: 749, 
1941. 

17 ——. anp Sanps, J.: An experimental study of 
chronic aortic regurgitation in dogs. J. Clin. 
Investigation 3: 65, 1926. 

18 HERRMANN, G. R.: Experimental heart disease. IT. 
The effect of experimental aortic regurgitation 





1048 


on the heart weights; With a consideration of 
some factors concerned in cardiac hypertrophy 
and a summary of the manifestations of ex- 
perimental heart disease. Am. Heart J. 1: 485, 
1926. 

19Srewart, H. A.: Experimental and clinical in- 
vestigations of the pulse and blood pressure 
changes in aortic insufficiency. Arch. Int. Med. 
1: 102, 1908. 

20 Hewett, A. W., ann Van ZWALUWENBURG, 
J. G.: The pulse flow in the brachial artery, 
Arch. Int. Med. 12: 18, 1913. 


INSUFFICIENCY OF AORTIC 


AND PULMONIC VALVES 


2 Lewis, T., AND Drury, A. N.: Observations relat- 
ing to arteriovenous aneurysm. Part I. Cireula- 
tory manifestations in clinical cases with p.rtie- 
ular reference to the arterial phenomei: of 
aortic regurgitation. Heart 10:301, 1923. 

ZIMMERMAN, H. A., Scorr, R. W., AND Bec ker, 
N. O.: Catheterization of the left 


es 


hea l in 


man. Presented at Scientific Session of A neri- 
can Heart Association at Atlantic City, a 
June 4, 1949. 

23 Evans, W., AND Lewes, D.: The carotid shu. |der. 
Brit. Heart J. 7: 171, 1944. 





A New X-ray Technic for Visualization of the 
Heart and Great Vessels 


By Ferpinanp F. McAuuister, M.D., AND CLaupD 8. Beck, M.D. 


\ new roentgenographic technic is described, utilizing a balloon fitted over the opening of a cardiac 
‘atheter; the latter may then be threaded into the heart chambers via a superficial vessel. Momen- 
tary inflation of the balloon with air or a contrast medium outlines the heart chambers for x-ray ex- 


yosure, 


qk RECENT rapid advances in ex- 

perimental and clinical cardiac surgery 

require concomitant advances in analy- 

tie and diagnostie technic. To aid in the x-ray 

evaluation of experimentally induced altera- 

tions in the heart and great vessels the following 
technic has been developed. 

A\ No. 6 or No. 8 olive-tipped cardiac catheter 
is fiited with a balloon over the opening near 
the tip in the same fashion that a balloon is 
fitted to a Miller-Abbott tube. The balloon 
is tested to ascertain that it is air tight and 
the catheter is sterilized. 

The dog (or other animal) to be examined is 
anesthetized with Nembutal or ether, heparin- 
ized, and one of the external jugular veins is 
exposed aseptically. The balloon is completely 
deflated and the catheter is introduced into 
the vein with a rotary motion. The tip may 
usually be advanced without difficulty into 
the right ventricle where its arrival is an- 
nounced by a vigorous pulsating thrust of the 
catheter. The latter is further advanced until 
resistance is encountered and a film is exposed 
to determine the position of the tip. Frequently 
this will be located in one of the branches of the 
pulmonary artery or may be so placed by gentle 
manipulation. If it is desired to visualize this 
area. the animal is placed in the appropriate 
posi!ion, the balloon is rapidly inflated by 
meas of a syringe with 20 to 30 ce. of air, the 
x-ra\ film is exposed, and the balloon is rapidly 
defl: ‘ed. By controlled withdrawal of the 
cath ter it is now possible to visualize on addi- 
tion | films the pulmonary artery, the right 
auri le, and the great veins. The progress of the 


F) om the Department of Surgery, Western Re- 
serv’ University and the University Hospitals, Cleve- 
land Ohio. 


A: led by a Research Grant from the Division of 
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‘atheter may be followed throughout fluoro- 
scopically, but this is not essential. 

The technic may be varied by introducing a 
radio-opaque substance into the balloon in 
place of air. This is particularly useful when 
the field to be visualized overlies the lung 
fields and air does not supply sufficient con- 
trast. However, such substances cannot be in- 
troduced and aspirated from the balloon as 
rapidly as air and are more upsetting to the 
heart. Since air has been used in most of our 
studies, we have called the x-ray pictures so 
taken “‘pneumocardiograms.” 

When air is used there is usually very slight 
disturbance of the circulation since the balloon 
is inflated for only a few seconds. There may 
be a few extrasystoles, temporary bradycardia, 
or tachycardia. During the withdrawal of the 
‘atheter, the rough edges of attachment of the 
balloon may get caught temporarily on one of 
the cordae tendinae of the tricuspid valve but 
usually may be freed by manipulation of the 
catheter. In spite of heparinization, small clots 
occasionally may, be found attached to the 
balloon in its creases and at the rough ends. 
Because of these latter complications, this tech- 
nic is not recommended for human subjects 
until such time as a catheter is designed with a 
balloon fitted smoothly into the substance of 
the catheter. 

The photographs of x-ray plates presented in 
figures 1 through 6 demonstrate the possibilities 
of cardiac and great vessel visualization with 
this technic. 


SUMMARY 


A new x-ray technic is described for visualiza- 
tion of the heart and great vessels. Air contrast 
is obtained by inflation of a balloon attached 
to a cardiac catheter. 





Fig. 1 Fig. 2 
Fic. 1.—Anteroposterior film of a dog’s chest. The catheter has been passed into the right side 
of the heart and the balloon has been inflated with 40 ec. of air. The right auricle is clearly demon- 
strated. 


Fic. 2.—Right lateral film of the chest of the same dog as shown in figure 1, exposed a few moments 


later. The tip of the catheter is in the lower portion of the right ventricle. Inflation of the balloon 
has resulted in outlining the terminal portion cf the vena cava, the right auricle, and the major 
portion of the right ventricle. 


Fic. 3 Fig. 4 
Fic. 3.—Anteroposterior view of a dog’s chest with the tip of the catheter in the pulmonary artery. 
Inflation of the balloon has outlined the pulmonary artery, conus, and right ventricle. 
Fic. 4.—Right lateral film of a dog’s chest with the tip of the catheter at the bifureation of the pul- 
monary artery. The inflated balloon outlines the pulmonary artery. 
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Fig. 5 Fia. 6 
Fic. 5.—Right lateral film of a dog’s chest with the catheter tip in a branch of the left pulmonary 


artery is demonstrated. 


artery. The balloon has been distended with 30 ce. of lipiodol and the bifureation of the pulmonary 
Kia. 6. 


Right lateral film of the chest of a dog whose pulmonary artery had been constricted 
to the caliber of a lead pencil by means of an umbilical tape tie one week previously. The tip of the 
catheter would not pass through the constriction, but when the catheter buckled, a loop con- 


taining part of the balloon slipped through the narrowing. Inflation of the balloon has outlined 
the constriction. 





Increasing Congestive Heart Failure: A Mani- 
festation of Digitalis Toxicity 


By Rosert C. BarrerMAN, M.D., AND LEONARD B. GutNer, M.D. 


While it has been widely appreciated that myocardial function is increased with optimal digitalis 
dosage, it is not well recognized that toxic concentration may impair myocardial efficiency to the 
point of producing increased signs and symptoms of congestive heart failure. This was demon- 
strated in 15 patients who could be adequately maintained with a digitalis preparation. Upon 
increase in dosage, all patients presented an increase in congestive heart failure which subsided 


upon stopping or decreasing the digitalis dosage. 


N THE treatment of chronic congestive 
heart failure an attempt is made to estab- 
lish the optimum maintenance dose of digi- 
talis or any of the cardiac glycosides in order 
to achieve the maximum possible muscular 
efficiency of heart muscle. It is well recognized 
that a patient not receiving sufficient digitalis 
will manifest varying degrees of impaired car- 
diac reserve. On the other hand, it has not 
been appreciated that overdosage of digitalis 
may also result in lessened myocardial effi- 
ciency. It is the purpose of this report to pre- 
sent evidence that congestive heart failure may 
occur secondary to digitalis intoxication. 
During our studies! on the evaluation of 
digitalis-leaf preparations and the various gly- 
cosides for the management of the ambulatory 
patient with congestive heart failure this phe- 
nomenon brought itself to our attention. In 
every patient we attempted to determine for 
each individual glycoside and digitalis-leaf 
preparation the therapeutic range. This con- 
sisted of first ascertaining the minimal daily 
dose for satisfactory maintenance and then, at 
eight- to twelve-week intervals, increasing by 
small increments the daily dose of the prepara- 
tion being investigated until the earliest de- 
tectable signs and symptoms of toxicity super- 
vened. 
A total of 93 patients was included in this 
study. None of these patients manifested any 


From the Department of Therapeutics and Cardiac 
Clinic, New York University College of Medicine, 
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University) Medical Division, Bellevue Hospital, 
New York, N. Y. 
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of the signs or symptoms of congestive | cart 
failure when the optimum dose of a digi alis 
preparation was administered; and further- 
more, as long as this optimum dose was con- 
tinued, none required any diuretic agen! or 
other adjuvant therapy. All of the patients 
were unrestricted as to diet throughout the 
period of observation. None of the patients 
presented any evidence of a complication of 
their heart disease such as rheumatic activity, 
myocardial infarction, or any other  precipi- 
tating factor which could possibly have ac- 
counted for the noted decreased efficiency of 
heart muscle. 

During this investigation, we had the op- 
portunity to evaluate various lots of digitalis 
leaf, digoxin, digitoxin, lanatoside C, urginin 
maritima, urginin indica, and gitalin. In this 
group of 93 patients there were 235 manifesta- 
tions of minimal toxicity. Fifteen of these pa- 
tients presented sixteen episodes of increasing 
signs and symptoms of congestive heart failure 
when the dose level of the digitalis preparation 
in question reached the toxic range. Every 
patient exhibited, in addition to the syndrome 
of congestive failure, one or more of the ac- 
cepted manifestations of digitalis intoxication, 
such as 
distress 


anorexia, nausea, vomiting, epigastric 
and pain, visual disturbances, he:ad- 
ache, vertigo, precordial pain, palpitations, 
lethargy, fatigue, weakness, nervousness, Nc l- 
ralgias, insomnia, and premature systoles. 

It must be emphasized that these patie: ts 
were entirely free of any manifest signs or 
symptoms of congestive heart failure wh n 
being maintained on their optimum dose 0} 2 
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diy talis preparation; and that following the 
to» ¢ episode, when the particular preparation 
w:- completely discontinued or reduced to op- 
in ‘tm or suboptimum levels, the various signs 
symptoms of congestive heart failure sub- 
| along with the other well-known evi- 
es of digitalis toxicity. 
summary of the protocols of these fifteen 
ents is presented in table 1. Case histories 
-veral of them are given in greater detail 


Ws 


Case HIsrories 


(use 2.—K. C. is a 55 year old white single 
worn who first noted the onset of diminished 
cardiae reserve in 1943 with the gradual occurrence 
of dyspnea and fatigue. Since that time digitalis 
preparations had been prescribed irregularly. In 
September, 1947, the patient developed edema of 
the legs and entered Bellevue Hospital where the 
diagnosis of arteriosclerotic heart disease with cardiac 
enlargement and auricular fibrillation was made. 
At that time, all attempts to arrive at the cause of 
the hepatosplenomegaly which was present failed 
and it was classed as undetermined. Since that 
hospitalization, she has been successfully main- 
tained without manifest signs of congestive heart 
failure on an ambulatory status on 0.1 Gm. of 
digitalis leaf or an equivalent dose of a glycoside. 
On February 5, 1948, after having taken 0.2 Gm. 
of digitalis leaf for the previous five weeks, she 
presented herself at the clinic with marked weakness, 
increased lethargy, and fatigue. The ventricular 
rate Was 52 beats per minute with runs of coupled 
rhythm. There were also dyspnea, bilateral basal 
moist rales, and minimal pretibial edema, which 
were not present previously. Digitalis was withheld 
for three days and then the patient was instructed 
to take 0.1 Gm. daily. At the end of three weeks, 
during which period the patient remained ambula- 
tory, there was much less dyspnea and weakness, 
the lungs were clear and the legs free of edema, and 
the weight had dropped six pounds. The electro- 
cardiogram revealed an occasional ventricular pre- 
matiire systole. 

(ase 6. N. T. is a 48 year old married white 

in with a history of acute polyarthritis in 1920 
e age of 20 years. When she first came under 
hservation in 1940, physical examination re- 
‘d systolic and diastolic murmurs both at the 
and base, a systolic thrill at the aortic area, a 
iting liver, and a totally irregular rhythm; 
scopy gave evidence of generalized cardiac 
ber enlargement. The diagnosis was made of 
matic heart disease, enlarged heart with mitral 


and aortic insufficiency and stenosis, tricuspid in- 
sufficiency, and auricular fibrillation. Digitalis ther- 
apy was instituted because of the onset of dyspnea, 
orthopnea, fatigue, edema, and palpitations, and 
was by itself sufficient to maintain the patient in 
good compensation. On September 16, 1941, the 
patient came to the clinic, having taken 0.1 and 0.2 
Gm. of digitalis leaf on alternate days for the previ- 
ous three weeks, complaining of insomnia, increased 
dyspnea, and edema. A weight gain of 73 pounds 
was noted. Because the dose of digitalis was thought 
to be inadequate, she was placed on 0.2 Gm. of 
digitalis leaf daily and instructed to return to the 
clinic in three weeks and to remain ambulant. 
However, she presented herself one week later with 
anorexia, nausea, vomiting, visual disturbances, in- 
somnia, palpitations, progressive dyspnea and 
edema, and signs of minimal ascites and an enlarg- 
ing liver. Digitalis was stopped for three days and 
then 0.1 Gm. prescribed daily. One week later the 
signs of toxicity had disappeared and those of con- 
gestive failure were markedly improved. There was 
also a 5}-pound weight loss. A subsequent second 
trial on 0.1 and 0.2 Gm. on alternate days produced 
anorexia, nausea, vomiting, yellow vision, palpita- 
tions, precordial pain, and weight gain after ten 
days’ administration. This proved that this last 
dosage was definitely in the toxie range for this 
patient. 

Case 12. L. S. is a 48 year old white married 
man; diagnosis, an unknown type of heart disease 
and hyperthyroidism with cardiac enlargement, dila- 
tation of the aorta, and auricular fibrillation. In 
1933 he first complained of nervousness, tremors, 
sweating, weakness, and muscle pains. Between 1931 
and 1939 he noted the onset of progressive palpita- 
tions, tachycardia, dyspnea, orthopnea, and periph- 
eral edema, and was treated with digitalis prepara- 
tions and Lugol’s solution. In August 1940, he was 
hospitalized for a subarachnoid hemorrhage, from 
which there was complete recovery except for a 
residual ptosis of the left eyelid. The patient was 
maintained without manifest signs and symptoms 
of diminished cardiac reserve on 0.1 Gm. of digitalis 
leaf or an equivalent dose of a glycoside. On Novem- 
ber 17, 1942, eight weeks after being placed on 0.2 
Gm. of digitalis leaf daily, he came to clinic with 
anorexia, nausea, weakness, fatigue, lack of vigor, 
insomnia, cloudy vision, precordial aching, increasing 
dyspnea, orthopnea and edema, nocturia, and a 
ventricular rate of 42 beats per minute. Digitalis 
was withheld for one week and then 0.1 Gm. ad- 
ministered daily for two weeks, during which inter- 
val the patient remained ambulatory. At the end 
of this time, all the signs of toxicity and congestive 
heart failure cleared and a weight loss of 4 pounds 
was noted. The patient was subsequently well main- 
tained. 
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1058 INCREASING CONGESTIVE HEART FAILURE 


DISCUSSION 


Regardless of the mechanism for congestive 
heart failure, whether forward or backward, 
all investigators are in accord that the funda- 
mental defect is one of impaired muscular 
efficiency of the heart with the consequent de- 
crease in the amount of work which it is cap- 
able of performing. Furthermore, although the 
exact mode of action of digitalis and its prep- 
arations for improving congestive heart failure 
has not vet been established, there is pharma- 
cologic as well as clinical evidence which would 
indicate that a direct effect on cardiac muscle 
plays a role in digitalis action. Such evidence 
is seen in the increased efficiency of the papil- 
larv muscle of the cat. Cattell and Gold? stimu- 
lated the isolated muscle before and after the 
application of ouabain and digitoxin in con- 
centrations which were comparable to thera- 
peutic doses in man, and noted an increase in 
the systolic force of contraction. Kabat and 
Visscher* in their study on the influence of 
KX-strophanthosid upon the tortoise ventricle 
showed that the work capacity of the myo- 
cardium was increased with optimal glycoside 
levels. This was primarily an effect upon con- 
tractility and unrelated to so-called muscular 
elasticity or tonus. Observations in the failing 
heart-lung preparation and in patients in con- 
gestive heart failure have demonstrated an in- 
creased cardiac output following digitalis ad- 
ministration, which increase is presumably 
largely due to an enhanced contractility, al- 
though many variables affecting cardiac output 
are also involved. 

Experimental evidence either in the animal 
or the clinical use of digitalis preparations 
would indicate that the maximum efficiency 
of heart muscle function is related to optimum 
dosage which must be determined specifically 
for each experimental procedure or individual 


patient. Exceeding this optimum dosage results 
in a progressive decrease in myocardial effi- 
ciency which can be interpreted as representing 


a toxic influence of digitalis or its various prep- 
arations. Thus, Cattell and Gold? and Kabat 
and Visscher*® found that when this optimum 
concentration was surpassed and toxic ranges 
entered, the contractility of the papillary mus- 


cle and tortoise ventricle, respectively, de. 
creased and the work done was reduced. 

Although this phenomenon was not appre- 
ciated clinically heretofore, several invest ga- 
tors reported observations which could be in- 
terpreted as clinical evidence of impa red 
myocardial efficiency. Thus, Mackenzie‘ ind 
Windle® each reported 2 patients in whom 
pulsus alternans, a sign of disturbed myocav lial 
contractility, occurred during the adminis: ra- 
tion of a digitalis preparation. Except for one 
of Mackenzie’s patients, the remaining 3 pa- 
tients received toxic doses of the tincture of 
digitalis and presented pulsus alternans :sso- 
ciated with other signs and symptoms of over- 
dosage. It is of interest that one of Windle’s 
patients was a 35 vear old woman with fune- 
tional heart disease without cardiac enlarge- 
ment. However, the fact that frank signs and 
symptoms of congestive heart failure could be 
produced by overdosage of digitalis products 
was not readily appreciated. Our study would 
indicate that above the optimum dose required 
for proper digitalization the patient, in addi- 
tion to exhibiting the classical manifestations of 
digitalis intoxication, may present increasing 
signs and symptoms of congestive heart failure. 
Although none of the patients in this report 
presented congestive failure as the only indica- 
tion of digitalis toxicity, there is no correlation 
between the severity of the classic toxic signs 
and the advent of impaired myocardial effi- 
ciency. In other words, it is conceivable on a 
purely pharmacologic basis where all the effects 
of digitalis upon cardiac physiologic functions 
may be independent of one another, that in 
some patients this effect upon contractility 
may be the predominant action. In this situa- 
tion, congestive heart failure might occur in 
the absence of the other well-accepted evi- 
dences of toxicity. 

On an experimental basis in these 15 am- 
bulatory patients, there was no difficulty in 
demonstrating that congestive heart failure c- 
curred with digitalis toxicity. In all cases, el:m- 
ination or reduction in dosage of the digit: lis 
preparation resulted in an improvement in 
myocardial efficiency with subsequent sa‘ 's- 
factory maintenance without signs and syn.p- 
toms of diminished cardiac reserve. Howev, 
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patients frequently first come under observa- 
tion In severe congestive failure in whom there 
isa history of having taken a dose of a digitalis 
preparation which on the basis of predictability 
would be a toxic dose. Clear-cut evidence of 
dig talis intoxication is not available in these 
patients since vague gastrointestinal symptoms 
ma\ be related either to visceral congestion or 
to toxicity. It is our feeling that many of these 
patients are truly toxic and that the rational 
regimen of therapy should be to discontinue 
digitalis and the patient evaluated further on 
bed rest alone before instituting other thera- 
peutic Measures. 


SUMMARY 


Fifteen patients presenting sixteen episodes 
of increasing congestive heart failure as a mani- 
festation of digitalis toxicity are reported. 

It is believed that the syndrome of conges- 
tive heart failure as a toxic sign is the result 


of a direct muscular action with the consequent 
decrease in myocardial efficiency. 
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Acute Myocarditis with Bundle Branch Block 


due to Sulfonamide Sensitivity 


By AurreD LILIENFELD, M.D., ELttiot Hocustein, M.D., AND WILLIAM WeErIss, M.D. 


This is a case report of a patient who developed generalized manifestations of sulfonamide sensi- 
tivity, with evidence of involvement of the skin, mucous membrane, central nervous system, 
liver, and myocardium. Special attention is directed to the myocardial involvement, and particu- 
larly to the development of bundle branch block. The changes were reversible and complete re- 


covery ensued. 


HE CLINICAL manifestations of sul- 

fonamide sensitivity are well recognized. 

The effects on the cardiovascular system, 
however, have only recently been receiving the 
attention they deserve.':? The following case 
is presented because of the striking clinical 
and electrocardiographic evidence of involve- 
ment of the myocardium in association with 
other manifestations of sensitivity. 


CasE REPORT 


The patient was a 24 year old laundress. Her past 
history was irrelevant. At the age of 18 she was 
treated for an infected finger, but a history of 
specific medication was not obtained. In February 
1948 she developed a sore throat with fever, for 
which she was given sulfathiazole and sulfadiazine. 
Within four hours after the second dose she de- 
veloped vomiting, diarrhea and abdominal cramps, 
and her face became swollen. These symptoms sub- 
sided in a week. 

One week before she was admitted to the hospital 
she again developed a sore throat with fever. She 
was treated with sulfadiazine for five days despite 
the onset of abdominal cramps and diarrhea, facial 
edema, and confusion, immediately following the 
first dose. The symptoms became progressively worse 
and the patient was admitted to the hospital on 
June 14, 1948. 

Examination showed a toxic, disoriented woman 
who was dyspneic and orthopneic. Her rectal tem- 
perature was 103.5 F. Her face was markedly 
swollen, and there was an erythematous, scaly rash 
over the bridge of her nose and over her cheeks. 
There were white patches on the buccal mucosa and 
the lingual tonsil. The soft palate was edematous. 
The conjunctivae were congested; the pupils and 
fundi were normal. The ears and nose were normal. 
The heart was not enlarged on percussion. The rate 
was rapid but regular; the sounds were distant at 

From the Medical Service of Sydenham Hospital, 
New York, N. Y. 
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the apex, and the second pulmonic sound was lovder 
than the second aortic sound. There was a presys'olic 
gallop at the apex and a Grade 2 systolic murmur at 
the pulmonic area. The blood pressure was 8() 70, 
The lungs were clear. Abdominal, rectal, and p 
examinations revealed no abnormality. There was 
an equivocal Babinski reflex on the right and a 
positive Oppenheim reaction, and exaggerated knee 
jerk on the left. 

On admission, the red blood cells numbered 
6,000,000 per cu.mm. of blood; the hemoglobin 
value 14.4 grams; there were 17,800 white 
blood cells per cu.mm. with 89 per cent polymorpho- 
nuclear neutrophils, of which 30 per cent were band 
forms; the urine was normal. A throat culture for 
diphtheria was negative. The blood sugar was 135 
mg. per 100 ec. of blood; whole blood chlorides were 
456 mg. per 100 cc.; the carbon-dioxide combining 
power was 56 volumes per cent; and the blood urea 
nitrogen was 37.8 mg. per 100 cubic centimeters. 
The test for sickling was negative. Serologic blood 
tests for syphilis were negative. The icterus index 
was 6.0. 

Course. For the first two days the patient’s con- 
dition was essentially unchanged. On the third day 
she went into peripheral vascular collapse, the blood 
pressure falling to 60/30. Five hundred cc. of plasma 
were administered with a rapid effect. From this 
time on there was a gradual improvement. The tem- 
perature, which had varied between 103.6 and 104.6 
F., gradually returned to normal in two weeks. The 
patient became mentally alert at the end of the 
first week. The edema of the soft palate, the swelling 
of the tonsils, and the exudate on the tonsil and 
buccal mucosa subsided within the week. The sw 
ing of the face and the rash disappeared by 1! 
second week. The dyspnea and orthopnea and 
gallop rhythm disappeared by the end of the { 
week. The blood pressure rose during the sec: 
week from 100/65 to 135/100 and_ stabilized 
115/95. 

The pathologic reflexes noted on admission \ 
not elicited after the third day. The spinal fluid on 
this day showed a normal pressure; it contained ‘5 
polymorphonuclear neutrophils per cu.mm., 82 0 ¢. 
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of protein per 100 ce., and 647 mg. of chlorides per 
100 c.; the colloidal gold curve read 23333000. On 
the i fth day there were 5 monocytes per cu.mm. of 
quid and the protein content was 121 mg. per 100 
wbi centimeters. On the tenth day the protein 
wnt nt was 65 mg. per 100 cc. of fluid and there 
were no cells present. The spinal fluid Wassermann 
react.on was anticomplementary. 

Serial hemograms showed a reduction in red 
bloo cells to 4,000,000 per cu.mm. of blood and 
hemoglobin of 14 grams. The white blood cells fell 
om 17,800 to 10,100 per cu. mm. on the third day 
and varied around 5,500 thereafter on numerous 
counts. The differential count reverted to 70 per 
cent neutrophils, of which 16 per cent were band 
forms; there were 38 per cent lymphocytes; there 
were never any eosinophils present on numerous 
blood counts. 

The erythrocyte sedimentation rate on June 23, 
1948, was 10 and on July 8, 1948, it was 7 mm. per 
hour. Urine specimens after the initial normal find- 
ings varied in specific gravity between 1.010 and 
1.020; a trace of albumin was noted in all specimens, 
and on two occasions only the microscopic examina- 
tion showed a few white blood cells and a few hyaline 
and granular casts. 

A blood sulfadiazine level was 6.8 mg. on the 
morning of the third hospital day (June 16), forty- 
eight hours after the last dose of the drug. On June 
22, sulfadiazine was no longer present in the blood. 
The blood urea nitrogen fell to 14 mg. per 100 ce. 
on June’ 22. The blood serum proteins were 6.8 
grams per 100 ec., with albumin value of 4 grams 
and globulin of 2.8 grams. 

At the end of the first week (June 21) the reaction 
to the cephalin flocculation test was 4+ and on 
June 28 it was negative. 

X-ray examination of the chest, performed on 
June 15 and June 23, by aid of the portable machine 
and taken with the patient in the supine position, 
showed no evidence of involvement of the lungs. 
The heart size could not be properly evaluated be- 
cause of the technic employed. A 6-foot plate ex- 
posed on July 6 showed the heart to be of normal 
size and configuration. 

lectrocardiograms made on the third day and at 
fre uent intervals thereafter showed definite evi- 
de: ce of an active myocardial process (fig. 1). On 
Jue 16, there was evidence of intraventricular con- 
du tion defect with marked left-axis deviation. On 
Jue 18, the conduction defect had progressed and 
no » assumed the pattern of a right bundle branch 
bh -k. On June 23, the conduction defect had re- 
gr ssed, the duration of the QRS complex coming 
we | within normal limits, but there were indications 
of myocardial involvement in the RS-T segments 
a | slightly inverted T waves in Leads I and II. 
Te T wave in Lead III was isoelectric and T waves 
in Leads CF; and CF; were low. On June 28 the 
T wave changes in these leads were more pro- 


nounced, becoming more deeply inverted in Leads 
I and II, slightly inverted in Leads HI and CF;, 
and shallow and diphasic in Lead CF;. The T wave 
in Lead CF, was higher and more péaked. 

On July 2, the tracing showed miniffial compara- 
tive changes; the upward convexity of the RS-T 
segment in Lead II was less evident and the diphasic 
character of the T wave in Lead CF; was somewhat 
clearer, while the T wave in Lead CF; was slightly 
more inverted. On July 8, the first evidences of re- 
gression were noted. The T wave in Lead I became 
upright, in Lead IT it was less deeply inverted, in 
Lead CF; it was upright, and in Lead CF; it became 
isoelectric. On July 23, the tendency toward im- 
provement was maintained, the T wave in Lead I 
becoming higher, diphasic in Lead II, lower in CF,, 
and slightly higher in Lead CF;. 

On August 6, 1948, the tracing showed no essential 
comparative changes. The character of the T waves 
in Leads II, CF;, and CF;, however, still indicated 
some myocardial involvement. The patient was dis- 
charged from the hospital after four weeks’ stay. 
A follow-up examination in the clinic four weeks 
later indicated that there were no symptoms, and 
the physical findings were normal. 


DIscussIoN 

The patient presented the clinical picture of 
an acute infection with marked toxicity. There 
was evidence of involvement of the skin, mucous 
membrane of the oral cavity and pharynx, the 
central nervous system, and the gastrointestinal 
and cardiovascular systems. The widespread 
character of this involvement suggested an 
etiologic factor other than the infection for 
which’ she was originally given chemotherapy. 
The possibility of diphtheria, scarlet fever, 
agranulocytosis, and pulmonary infections with 
sepsis which could produce such a picture was 
excluded on clinical and laboratory grounds. 
The probability of sulfonamide hypersensitivity 
was suggested by the history of her previous 
reaction in February 1948 to the administra- 
tion of sulfonamides which caused immediate 
vomiting, abdominal cramps and diarrhea, and 
swelling of the face. 

The criteria for the diagnosis of drug sen- 
sitivity are® *: 

1. A history of initial use of the drug with- 
out untoward reaction. This constitutes the 
sensitizing dose. 

2. The subsequent dose after sensitization 
need not be excessive, and the reaction bears 
no relationship to the magnitude of the dose. 
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The reaction does not resemble the phar- 

logic or toxic effects of the drug, but as- 

‘s one of the following forms: (a) Symp- 

usually associated with allergy and as 

more easily recognizable, e.g., asthma, 
aria, and angioedema. (b) Symptoms re- 
ling serum sickness. (c) Syndromes sug- 
ng infectious disease, e.g., fever, a variety 
shes, hepatitis, agranulocytosis, thrombo- 
penia; central nervous system involvement; 
titis; and myocarditis. 

[Immunologic criteria. Antibody mech- 
anisms are demonstrable in protein sensitiza- 
tion, but not in the case of sensitization due to 
drugs of a erystalloid nature. 

5. Persistence of symptoms as long as the 
drug is continued. 

\Vith regard to the present case, a diagnosis 
of drug sensitivity is postulated according to 
the criteria enumerated. The initial sensitiza- 
tion may either have occurred in 1942 at the 
time the patient was treated for an infected 
finger or may have resulted from the use of 
proprietary sulfonamides. Subsequent adminis- 
tration of but one dose of sulfonamides in 
February 1948 produced almost immediate 
acute gastrointestinal symptoms and swelling 
of the face. A repetition of a single dose of 
sulfonamides at the onset of the present illness 
again produced immediate gastrointestinal 
symptoms, followed by disorientation. Despite 
this, sulfadiazine was given for a week with the 
development of fever, rash, and mucosal in- 
volvement; the central nervous system effects 
were disorientation, elevated spinal fluid pro- 
tein, and pathologic reflexes. A 4+ reaction to 
the cephalin flocculation test was indicative of 
involvement of the liver. The myocardial in- 
volvement which was outstanding was attested 
to by the dyspnea and orthopnea, gallop 
rhvthm, aecentuation of the pulmonic second 
sound, tachyeardia, and the marked electro- 
cs iographie changes. The bundle branch block 
in particular is stressed because of its rarity in 
tl» cases of sulfonamide sensitivity which have 
bon reported.® & 7 


Che validity of the clinical diagnosis of myo- 
c dial involvement due to sulfonamide sen- 


sitivity is supported by experimental and 
pathologic studies. In experimental sensitiza- 
tion, Rich and Gregory’ and others have shown 
widespread foci of parenchymatous and collagen 
degeneration with monocytic infiltration and 
arterial lesions resembling those of periarteritis 
nodosa. Similar lesions have been reported in 
patients dying during or after sulfonamide 
therapy. Rich and Gregory particularly em- 
phasized the presence of the arterial lesions 
showing hyaline and fibrinoid degeneration of 
the media with perivascular infiltration of 
mononuclear and polymorphonuclear cells in- 
cluding eosinophils. 

Goodman,’ in January 1948, reported a case 
of sulfonamide sensitivity with myocardial in- 
volvement in which a muscle biopsy showed the 
lesions of periarteritis nodosa. 

Immunologic confirmation of the diagnosis of 
sulfonamide sensitivity was not obtained. This 
is the usual situation in the case of crystalloid 
drugs. 


SUMMARY AND CONCLUSION 


A case has been presented with evidence of 
reversible damage to the following: skin, mu- 
cous membrane, central nervous system, liver, 
and myocardium. 

The history and clinical picture fulfill the 
criteria for the diagnosis of sulfonamide sensi- 
tivity. Immunologic studies gave normal find- 
ings as they usually do in the ease of crystalloid 
drugs. 

The involvement of the myocardium is 
stressed, and attention is especially directed to 
the unusual development of bundle branch 
block. 

Sulfonamide sensitivity should be added to 
the list of causes of myocarditis, and should be 
considered in any case of myocarditis of ob- 
scure nature. 
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Cardiac Tamponade Associated with the 
Administration of Dicumarol 


B Cuarues L. Leepuam, CoLonen, MC, U.S.A. anp James A. Orsison, Masor, MC, U.S.A. 


rhe case history is presented of a man 22 years of age who developed cardiac tamponade in associa- 
tion with anticoagulant therapy and nonpenetrating trauma of the heart. Included is a commentary 
m the delayed appearance of signs indicative of pericardial and/or myocardial damage following 
severe trauma and the value of serial electrocardiographic observations in the diagnosis thereof. 
Che importance of interpretation of the results of prothrombin testing is discussed and compara- 
tive data are presented which indicate the desirability for standardization of methods employed in 
reporting prothrombin values when used to control anticoagulant therapy with dicumarol. 


HE OCCURRENCE of hemorrhagic 

episodes during the course of anticoagu- 

lant prophylaxis or therapy with di- 
cumarol is well known. Although the danger of 
hemorrhage has been emphasized repeatedly, it 
is generally considered that the risk of sig- 
nificant bleeding incident to the use of dicuma- 
rol is relatively small when a standardized 
plan of controlled dosage is followed and the 
accepted precautions are observed. Major 
bleeding during dicumarol therapy has been 
encountered, in most series, in less than 2 per 
cent of eases.'-> Although hemorrhage, even of 
serious proportions, has generally been con- 
trollable by the parenteral administration of 
vitamin K in adequate dosage and fresh whole 
blood transfusions,! lyophilized plasma,® or 
vitamin K, oxide,?:* deaths have oceurred.!: 2: 
'%'° Qn the basis of study of numerous re- 
ports, Wright" believes that the analysis of 
fatal cases will usually reveal an associated 
overdosage of the drug, inadequate laboratory 
conirol, or a hemorrhagic site, such as a duo- 
den: ulcer, which is unrelated in its origin to 
anticoagulant therapy but which presents an 
added and too often unconsidered risk. 

‘he common sites of bleeding associated with 
dic: :marol administration have been well noted in 
the literature.!: +; ?-"" The more unusual forms 
of -crious bleeding which have been reported 
inc ide hemoptyses,® subarachnoid bleeding, '* 
ex! nsive hemorrhage into the brain, '° 
ble .xdy pulmonary edema,” and hemorrhage 


rom the Medical Service, Oliver General Hos- 
pit |, Augusta, Ga. 


into the peritoneal cavity and pleural space.'® 
In our review of the literature, no instance of 
hemopericardium without rupture of the heart 
could be discovered which had occurred in 
association with anticoagulant therapy. Be- 
cause of the inherent danger associated with 
such an event, it is considered important to 
point out that this complication can occur, and 
to record a case of cardiac tamponade asso- 
ciated with, and probably resulting from, the 
administration of dicumarol. 


Case Report* 


A white male veteran, 22 years of age, was ad- 
mitted to an Army General Hospital as an emergency 
case on December 23, 1947. The patient had crashed 
in a small plane from a low altitude and had been 
thrown against the stick and windshield. Initial 
examination revealed evidence of severe shock, cere- 
bral concussion or contusion, and multiple compound 
fractures. Probable involvement of the urinary tract 
was indicated by gross hematuria. There was evi- 
dence of severe vascular injury to the right lower 
leg, and the right foot was ischemic. There was no 
visible evidence of injury to the chest. Following 
emergency shock therapy, reduction and immobiliza- 
tion of the fractures were carried out. 

After a rather stormy course for three days. the 
patient’s condition became satisfactorily stabilized 
except for persistent ischemia of the right foot which 
was unresponsive to treatment. 

During the evening of the eighth day, December 
30, 1947, the patient began to complain of sharp 
pain in the left chest and mild shortness of breath. 
On examination, blood pressure was 130/80, the 


*The assistance of Lt. Col. Edward Cleve and 
Capt. Simone Brocato in the handling of this case 
and the assembling of data reported herein is ac- 
knowledged. 
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pulse rate was 108, and respirations were 48 per 
minui’. A pericardial friction rub was heard along 
the lc't border of the heart. The heart sounds were 
of good quality and the rhythm was regular. No 
evide.ce of congestive phenomena was _ present. 
An e'-ctrocardiogram showed a pattern consistent 
with cute pericarditis (fig. 1, A). It was the con- 
eensi- that traumatic pericarditis or contusion of 
the wart had been sustained. Symptomatic treat- 
ment controlled the chest pain, and the symptoms 
and -gns of pericarditis diminished rapidly. Serial 
elect) cardiograms, some of which are shown, re- 
yeale:i an evolution of the pattern toward normal, 
and ly January 9, 1948, the process had apparently 
subsided (fig. 1, B). 

Meanwhile, because of the severe and extensive 
trauma to the extremities, immobility of the patient, 
and the impaired circulation of the right foot, it 


12/31/47 
A 


1/11/48 


B 
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inconstant systolic friction sound was heard over 
the fourth intercostal space at the left sternal 
border. The patient was placed in an oxygen tent 
and given sedation. Because the per cent of normal 
time* had been reported daily as within safe levels, 
only reaching 24 per cent on January 10 and never 
going below that level, the clinicians were not im- 
pressed with the danger of bleeding from hypo- 
thrombinemia. However, the signs were such that 
despite the prothrombin reports the possibility of a 
hemorrhagic pericardial effusion was considered 
likely. Accordingly, a transfusion of 500 ce. of fresh 
whole blood was given as soon as possible and 64 
mg. of concentrated vitamin K (Hykinone) were 
given parenterally. During the next thirty-six hours, 
the blood pressure remained stabilized in the vicinity 
of 76/60, and the pulse continued to be weak and 
rapid. Another transfusion was given on January 


ar 


1/28/48 
C 


Fic. 2.—Bedside anteroposterior chest x-rays of a patient with contusion of the heart. 


was considered that in spite of the pericarditis the 
threat of thromboembolic complications was of suf- 
ficient moment to indicate prophylactic anticoagu- 
lant therapy. Dicumarol was accordingly begun on 
December 31, 1947 and a total of 700 mg. was given 
in the dosage shown in table 1. 

Shortly after 1:00 a.m., on January 10, 1948, there 
Was x sudden onset of severe substernal pain with 
rapid! respiration. On examination, the blood pressure 
Was ound to have dropped to 70/40. The pulse was 
130 per minute, paradoxic in type, and thready in 
cha: .cter. There was mild cyanosis of the nail beds 
and aucous membranes. The neck veins were slightly 
dist uded. Examination of the chest revealed an 
are, of dullness and bronchial breathing below the 
seajila. The area of cardiac dullness extended 6.0 
cm. 'o the right and 10 em. to the left of the mid- 
ste: ial line. The heart sounds were distant, and an 


11 and parenterak vitamin K was continued at 
intervals for a total of 256 milligrams. A portable 
chest x-ray showed the cardiac silhouette to have a 
globular appearance (fig. 2, B), and an electro- 





*Prothrombin activity was reported in this hos- 
pital, as it still is in many, in terms of ‘‘percentage 
of normal’”’ (straight line curve based on direct 
relationship between prothrombin times of patient 
and control). It is now recognized that dependence 
on reports which are based on this type of curve 
is fraught with serious danger as this case illustrates. 
A logarithmic curve such as that recommended by 
Quick should be used. When the prothrombin times, 
per se, are not included in the reports to the ward, 
as was the situation here, the clinician is left without 
protective check in arriving at a proper interpreta- 
tion of the results. 
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cardiogram revealed findings consistent with tampo- 
nate (fig. 1, C). Urinalysis on January 11 showed 
inhumerable red blood cells, whereas there were 
none in the five previous daily specimens. 
Because there had been a minimal response to 
conservative measures, an increasing distention of 
the neck veins (antecubital venous pressure, 260 
mm. of water), an increasing pulse rate, and because 
of the fact that the prothrombin time had reached 
57 per cent of normal, it was decided that peri- 
cardial aspiration should be attempted. Although 
there was an obvious risk of serious hemorrhage, the 
imperative necessity of relieving cardiac compression 
forced this decision. Accordingly, at 7:00 P.M. on 
January 11, a pericardial paracentesis was done, 
and 380 ee. of dark, noneclotting blood withdrawn. 
There was immediate and dramatic improvement, 
all signs of cardiac tamponade subsiding rapidly. 
The pulse rate decreased to 92 and became stronger, 
the blood pressure rose to 112/70, the respiratory 
rate decreased, and the heart sounds improved in 
quality, all within ten minutes’ time. On the follow- 
ing day, an electrocardiogram showed reversion to 
the previous configuration (fig. 1, D), the prothrom- 
bin time increased to 75 per cent of normal and the 
urine was free of red blood cells. Thereafter, the 
cardiovascular status remained essentially un- 
changed, and a chest x-ray on January 28 revealed 
the heart to have an essentially normal appearance 
(fig. 2, C). Except for a guillotine amputation of the 
right foot on February 16 and a hepatitis in April 
(considered homologous serum in type), the patient 
made an otherwise uneventful recovery. Favorable 
progress continued and patient was discharged on 
September 28, 1948 to a convalescent hospital. 


CoMMENT 


In the present case the multiple and severe 
injuries accompanied by severe shock occupied 
the attention of the staff until life-saving meas- 
ures had been carried out and immobilization 
procedures were completed. Attention was first 
directed to the cardiovascular system when 
the patient developed precordial pain, a peri- 
-ardial friction rub, and typical electroeardio- 
graphic changes of pericarditis. 

Although there was a period of nine days 
following injury before the appearance of clini- 
cal features suggesting involvement of the 
heart, it was considered that the pericarditis 
was on a traumatic basis and that there was 
significant contusion of the myocardium itself. 
White and Glendy,?’ Barber,”' Sigler,” and 
others have pointed out that a definite latent 
period may exist between the trauma and ap- 
pearance of symptoms and signs of cardiac in- 


volvement. White and Glendy” have further 
pointed out that the delayed appearan:e of 
pericarditis following trauma suggests the pres. 
ence of underlying primary damage t: the 
myocardium. The studies of Noth and Bai nes 
Katz," *> Bellet and MecMillan,?*> White, and 
others*-*! have shown that RS-T segmen  ele- 
vations are on the basis of subepicardial iyo. 
vardial injury. Thus, the electrocardiogy \phic 
changes in this case would seem to suppoi: the 
diagnosis of myocardial contusion. 

Certain individual features of the el: ctro- 
vardiograms in this case are of interes! and 
somewhat uncommon. The usual patte:n of 
injury involving the subepicardial myocar lium 
is characterized by T-wave reversal following 
initial RS-T segment elevations.” 2 28-29 Ty 
the tracings under consideration the minor T- 
wave alterations in the limb leads and the 
absence of ‘T-wave reversals in the precordial 
leads could not be adequately explained. [ellet 
and MeMillan® record that in pericarditis, the 
stage of RS-T elevation may change into nor- 
mal upright T waves without passing through 
the stage of inversion. Nay and Boyer* have 
observed the occasional absence of T-wave in- 
version in established cases of pericarditis, and 
Logue and Wendkos*' have suggested that the 
stage of T-wave inversion may be missed un- 
less frequent, repeated tracings are taken. This 
point is worthy of consideration since the RS-T 
segment changes in our case constituted the 
only diagnostic pretamponade electrocardio- 
graphic feature. The fact that such can be the 
vase serves to re-emphasize the importance of 
obtaining early and serial electrocardiograms 





in any case of serious injury in which trauma 
to the heart should be considered and looked 
for. 

Another interesting electrocardiographic var- 
iation was observed in the tracing recorded 
following the tamponade (fig. 1, C). The sud- 
den shift in electrical axis to the right would 
suggest acute cor pulmonale; however, |!1e 
other usual features were absent. Gardberg «nd 
Ashman*® have indicated that other conditions 
causing dilatation of the right ventricle © n 
produce this pattern. Sigler” mentioned th \t 
shifts in electrical axis may accompany cardi ¢ 
trauma, and in a case report by Reed ai‘ 
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Berger®* sudden shift of electrical axis to the 
righ’ occurred several times and was ascribed 
ton ild right strain. 

(.r experience with one method of reporting 
prot irombin activity was particularly distres- 
sing. It was at first difficult to understand why 
hemorrhage should occur in this patient when 
the prothrombin activity was reported to be 
with'n the safe range. At that time, the pro- 
thrombin time was being determined in our 
laboratory by the Quick method, and was re- 
ported to the clinicians in terms of percentage 
of normal in accordance with the formula re- 
ported by Diggs.** At a later date, when it was 
realized that our method might be faulty, the 
procedure was reviewed, and prothrombin 
levels were recalculated in percentage of nor- 
mal prothrombin activity (table 1), utilizing 
the Quick formula and making the necessary 
correction for difference in thromboplastin. It 
was then learned that the percentage of pro- 
thrombin activity had fallen to dangerous levels 
approximately sixty-five hours prior to the 
onset of manifestations of tamponade. 

The practice of reporting prothrombin in 
terms of “percentage of normal” based on a 
direct time relationship between patient and 
control (straight line curve) has evidently been 
in common, though erroneous usage. This has 
been criticized by Barker and associates! and 
by Wright and Foley.*” Review of the litera- 
ture fails to reveal any sound basis for the use 
of such a method of reporting when the Quick 
method, or its modifications, is employed for 
determination of plasma prothrombin time. 
The bedside whole blood technic of Smith and 
associates? does employ the formula: 


Clo''ing activity (in percentage of normal) 
Clotting time of normal control 
Clotting time of patient 


X 100 (linear curve) 


liowever, the assigned critical values differ 
gre tly from those generally applicable to 
pla-ma method, that is, the danger of hemor- 
th: se below 10 per cent prothrombin in plasma 
mc hods, and below 40 per cent in the bedside 
tecunic. Apparently this formula has been ap- 
plod directly to plasma determinations,*®* with- 


out due consideration of differences in technic 
in interpretation of results. This experience 
serves to re-emphasize that patient prothrom- 
bin levels should be recorded either directly in 
seconds as recommended by Wright and Foley*? 
or as percentage of prothrombin activity by 
the methods recommended by Barker and co- 
workers,! Fisher,"! or Quick.*” 


TaBLE 1.—Comparative Values of Prothrombin 
Activity in Response to Dicumarol Administration 


| Control | Patient | ¢, f 
Pro- Pro- S 
thrombin} thrombin 
time* | time* 


Dicu- 
Date marol 
lin Mgm 


% Pro- 
normal |thrombin 
timet |Activityt 
| sec sec 
Dec. 31, 47 300 16 16 100 
Jan. 1, 48 — 15 30 | 16 
Jan. 2, 48 50 22 7 33 
Jan. 3, 48 50 16 24 2 
Jan. 4, 48 50 16 26 23 
Jan. 5, 48 | 50 16 33 15 
Jan. 6, 48 100 16 27 22 
Jan. 7, 48 50 16 37 12 
Jan. 8, 48 50 16 50 3% 8 
Jan. 9, 48 57 28 6 
Jan. 10, 48 19 79 2 5 
Jan. 11, 48 A.M. 15 40 ; 11 
Jan. 11, 48 P.M. | 26 2 
Jan. 12, 48 15 20 39 
Jan. 15, 48 -- 16 19 50 


Quick method for prothrombin time used. 

* Data available in permanent laboratory records 
but not included on the report to the clinician at that 
time. 

¢ Caleulated by formula previously used. See 
comment for details. 

t Data recalculated at a later date (Quick’s 
formula). 


. 
DiscussION 

Study of the present case brings into direct 
relationship two seemingly unrelated subjects: 
contusion of the heart due to nonpenetrating 
trauma of the chest and the increased risk of 
bleeding associated with administration of anti- 
coagulants. It is now well established that myo- 
cardial damage resulting from nonpenetrating 
injuries to the chest is often compatible with 
life.2° 21. 42. 8 Such damage may be present even 
though visible evidence of known chest trauma 
is lacking,?®: ?!: #: or as an indirect result of 
distant severe injuries.” Likewise, the risk of 
bleeding inherent in anticoagulant therapy is 
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also well established (see introductory — re- 
marks). Several observers have recently sug- 
gested other situations in which there is an 
added risk: Herrmann, active pulmonary 
tuberculosis; Duff and Shull,’ severe hyperten- 
sion with cerebral manifestations; Wright," fol- 
lowing prostatectomy, and we propose yet 
another in this report. 

The possible presence of traumatic pericar- 
ditis and myocardial contusion has not  re- 
ceived too serious consideration as an added 
risk in the exhibition of anticoagulants. The 
fact, therefore, that the hemopericardium 
which developed in our case in the absence of 
cardiac rupture, was associated with anticoagu- 
lant therapy appears to be of significance. 

In evaluating the possible relationship of 
incrernsed bleeding tendency associated with 
dicumarol and the cardiac tamponade, the fac- 
tor of an independent source of bleeding oc- 
ewring as a result of softening of the myo- 
eardium during evolution of the contusion must 
be considered. Delayed hemorrhage into the 
pericardial sac following nonpenetrating injury 
to-the heart can occur. Sometimes this is due 
to delayed rupture from progressive weakening 
of the myocardium?’: *! or to seepage from an 
injured coronary vessel.” More often it is due 
to extravasation of blood from the damaged 
tissue’ or to laceration of the myocardium 
itself.2°: 2!: 4 Beck*® has emphasized that hemo- 
pericardium occurring with contusion is asso- 
ciated with myocardial disorganization which 
is most marked during the second week follow- 
ing trauma, a point which correlates well with 
the onset of hemorrhage in this case. 

The question arises, therefore, as to whether 
or not the hemorrhage noted in this case would 
have occurred if dicumarol had not been used. 
It is obviously impossible to answer this ques- 
tion. However, we are convinced that dicumarol 
was a contributing factor to the hemorrhage 
because of (1) the markedly reduced prothrom- 
bin activity of the blood prior to the manifesta- 
tions of acute tamponade (table 1), and (2) the 
concomitant appearance of another hemor- 
rhagic manifestation, hematuria. Those are re- 
garded as valid evidence that the tamponade 
was, at least in part, a consequence of hypo- 


prothrombinemia due to dicumarol. Wit!) re- 
gard to pathogenesis, we concur in Wrig!it’s! 
suggestion, that even though some small degree 
of independent bleeding may have occurred 
during the preliminary phases, the niajor 
hemorrhage was incident to myocardial and 
pericardial softening during the evolutionary 
period, at which time the effect of dicunarol 
left the ends of small blood vessels inadequ:.itely 
sealed by protective clotting and allowe: the 
occurrence of a massive hemorrhage. 

It would seem justifiable, therefore, t« call 
attention to the possible danger of cardiac 
tamponade associated with the administrition 
of anticoagulants to patients who have reccived 
trauma to the heart. It also seems wise to con- 
sider that the employment of anticoagulants 
when indicated in such cases should be under- 
taken as a calculated risk, and that. special 
caution should be exercised during their ad- 
ministration. The importance of recognizing 
the presence of trauma to the heart in any 
case of severe injury is therefore evident. 


CONCLUSIONS 


1. Cardiac tamponade may result from the 
administration of anticoagulants to patients 
having nonpenetrating injuries of the heart. 

2. Added caution should be observed in the 
employment of anticoagulant drugs in the 
treatment of patients having evidence of car- 
diac trauma. 

3. A standardized method of reporting pro- 
thrombin activity should be authoritatively 
settled upon by the leaders in the field of anti- 
coagulant therapy and adopted by the medical 
profession. 

4. Pending general agreement on this point, 
prothrombin activity should be reported either 
in terms of seconds or in percentage of activity, 
using the Quick method of calculation. In either 
‘ase an added protection consists of including 
in the report to the clinician the control re id- 
ings for that day in terms of seconds. 
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